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Tempo was the first wlth a syntheslzed thoroughly fleld tested. IS so slmple to  
hand held for amateur use, f~ rs t  wlth a operate or offers so much value The 
220 MHz syntheslzed hand held, flrst Tempo S-4 offers the opportunity to 
with a 5 watt output synthesized hand get on 440 MHz from where ever yo11 
held ... and once again. first In the 440 may be Wlth the addltlon of a touch 
MHz range with the S-4, a fully tone pad  and ma tch lng  power  
synthesized hand held radlo. Not only arnpl i f ler  ~ t s  versat l l l ty  IS a lso 
does Tempo offer the broadest l ~ n e  of unsurpassed 
synthesized hand helds. but  i ts The S-4 ..$349 00 
s t a n d a r d s  o f  reliability a r e  With 12 buttontouch tonepad ..$399.00 
u n s u r p a s s e d  ... r e l l a b l l i t y  p r o v e n  With 16 hutton touch tone pad S419.00 
through millions of hours of operation. S-40 matchlng 40 watt output 
N o  other hand held has been so 13.8 VDC power arnpllfier ... S149.00 

... Speclflcatlons: 
F r ~ q u ~ n c y  Coverage: 440 to 449.995 MHLr 

The first and most thoroughly field tested hand held Channe l  Spacing: 25 K H ~  minimum 
synthesized radio available today. Many thousands POW,, Requirements: 9.6 VDC 

The S-1 is the most simple radio to operate and is Antenna Impedance: 50 ohms 
are now in use and the letters of pralse still Pour In. Current Drain: 17 ma-standby 400 ma-transmit (1 amp high power) 

built to provide years of dependable service. Sensitivity: Better than .5 microvolts nominal for 20 db 
Despite its light weight and small size it is built to Supplied Accessories: Rubber flexantenna 450 ma ni-cad battery 
withstand rough handling and hard use. Its heavy pack, charger and earphone 
duty battery pack allows more operating time RF output Power: Nominal 3 watts high or 1 watt low power 
between charges and its new lower price makes it Repeater Offset: t 5 MHz 
even more affordable. Optlonal Accessories for all models 
7nmr%p T-c ,  12 button touch tone pad (not installed): $39 16 button touch 

tone pad (not Installed): $48 Tone burst generator: $29.95 Offersthe same field Proven reliability. featuresand CTCSS sub-audible tone $29.95 Leather holster: specifications as the '-' except that the S-5 $20 Cigarette lighter plug mobile charging unit: $6 . provides a big 5 watt output (or 1 watt low power 
operation). They both have external microphone 

and can be operated matching ' C V ~ P  ' ~ L I -  ?. 1rI.zr -?! I- - v 7 r  n ~ t ' ~ r -  &**PI I'"PP 

state power amplifiers (30 watt Or 80 watt Output). Boost your rlgnal. . . glve It the range and clarity of a high 
Allows your hand held double as a powerful base station. VHF (135 to 175 MHz) 
mobile or base radio. Dr~ve Power Output Model No Prlce 
S-30 ... $89.00' s-80 ... $149.00' 2W 130W 130A02 $209 
'For use with S-1 and S-5 1 OW 130W 130A10 SIR9 

- n m ? ~  ?-? 
With an S-2 in  your car o r  pocket you can use 
220 MHz repeaters throughout the U.S. I t  
offers all the advanced engineering, premium 
quality components and features o f  the S-1 
and S-5. The S-2 offers 1000 channels in an 
extremely lightweight bu t  rugged case. 
If you're not o n  220 this is the perfect way to  
get started. With the addition of the S-20 
Tempo solid state amplifier it becomes a 
powerful mobile or base station. I f  you have a 

220 MI 1 1  station, the S-2 wil l  add tremendous versatility. 
Price ... $349.00 (With touch tone pad installed ... $399.00) 

30W 130W 130A30 S lQ9 
2W ROW BOA02 5169 

1 OW P'lW ROAlO $149 
30W P?W HOA30 5159 

2W 50W 5OA02 S1?9 
?W 3nW 30A07 S 89 

UHF (400 to 512 MHz) models, lower power and FCC type accepted models 
also avallabte. 

2050 S. Bundy Dr., Los An eles, CA 50025 
931 N. Euclid, Anaheim. ~ k !  92801 
Butler. Missouri 64730 

TOLL FREE ORDER NUMBER: IM(II 421-6831 
For al l  stales except Ca l t fo rn~a 
Call1 resfdent% plrasr ca4  collect on our regular numbers 



-- - - 
with 9 Mt ceivlng, and now 

with 48 MHz i-f "Up Conversion". . . OIenrr I U ~ W ~ S  you Fomortww a war.) of the arl todry. 
: 1 

Model 1528 

Drake L7 
Continuous Duty I 

160-15' Meters I 

2kW Linear - Amplifier 
Temperature-controlled design for 

"key.down" operation over a wide frequency range. 

2 kW PEP, 1 kW cw, RTTY, SSTV operation-all modes full 
rated input, continuous duty cycle. 

160-15' meter amateur band coverage, plus expanded ranges 
for any future hf band expansions or additions within FCC 
rules. These ranges also include increased coverage for 
MARS, embassy, government, or other such services. 
The Drake L7 utilizes a pair of Eimac 3-500 Z triodes for 
rugged use, and lower replacement cost compared to 
equivalent ceramic types. 

Accurate built-in rf wattmeter, with forwardlreverse readings, 
is switch selected. Calibrated 30013000 watt scales. 
Temperature controlled two speed fan is a high volume low 
noise type and offers optimum cooling. 

Adjustable exciter agc feedback circuitry permits drive power 
to be automatically controlled at proper levels to prevent peak 
clipping and cw overdrive. Front panel control. 
By-pass switching is included for straight through, low power 
operation without having to turn off amplifier. 

Bandpass tuned jnput circuitry for low distortion and 50 ohm 
input impedance. 
Amplifier is comprised of two units-rf deck for desk top and 
separate power supply. 

Operates from 1201240 V-ac, 50160 Hz primary line voltage. 

DRAKE L7 SPECIFICATIONS 

Frequency Coverage*: Ham bands 160 through 15 meters'. Non- 
amateur frequencies between 6.5 and 21.5 MHz may be covered with 
some modification of the input circuit. Plate Power Input: 2000 watts 
PEP on ssb and am. 1000 watts dc on cw. R T Y ,  and SSTV. Drive 
Power Requirements: 100 watts PEP on ssb and 75 watts on cw. a-m. 
RTTY, and SSTV. lnput Impedance: 50 ohms. (Bandpass tuned input) 

Output Impedance: Adjustable PI-network matches 50 ohm line with 
SWR not to exceed 2:l. Intermodulation Distortion Products: In 
excess of - 33 dB. Wattmeter Accuracy: 300 watts forward and 
reflected. + (5% of reading + 3 watts). 3000 watts forward. ? (5% of 
read~ng + 30 watts). Power Requirements: 240 volts 5060 hertz 15 
amperes. or 120 volts 50-60 hertz 30 amperes. T u b  Complement: Two 
of 3.5002 or 880213-5002 or 3-4002. Dimensions: Amplifier 13.69"W x 
6.75"H x 14.25"D (34.8 x 17.1 x 36.2 cm). Power Supply 6.75"W x 7.88"H 
x 11 "D (17 x 20 x 28 cm). Weight: Ampl~f~er 27 Ibs (12.25 kg), Power 
Supply 42.5 Ibs (19.3 kg). 

'Export model includes coverage of the 10-meter Ham Band. 

Model 
1539 

Drake 
Matching Networks 

MN7 and MN2700 
Models 1538 and 1539 

Frequency Coverage: 1.8 - 30 MHz 

Antenna Choice: Matches antennas fed with coax, balanced 
line(use optional 0-1000 Balun), or random wire. 
AntennalBy-Pass Switching: Allows matching unit by-pass 
regardless of antenna in use, and selects various antennas. 
Extra Harmonic Reduction: Employs "pi-network" low pass 
filter type circuitry for maximum harmonic rejection. 
Built-in Meterlng: Accurate Rf Wattmeter and VSWR 
Reading, pushbutton controlled from front panel. 
lnput Impedance: 50 ohms resistive. 

Power Capability: MN7-250 watts average continuous duty 
(0-300 W scale). MN2700-1000 watts average continuous 
duty (2000 watts PEP). (0-200 or 0-2000 W scale). 
Dimensions: MN7-13.1 "W x 4.53"H x 8.5"D excluding 
knobs and connectors (33.26 x 11.5 x 21.6 cm). MN2700- 
13.1 "W x4.53"H x 13"D excluding knobs and connectors 
(33.26 x 11.5 x 33 cm). 
Weight: MN7-10 Ibs (4.5 kg). MN2700-11 Ibs (5 kg). 

Drake MN7 and MN2700 Specifications 
Frequency Coverage: 1.8 to 30 MHz. Band Switch marked for 160, 80, 

40. 20. 15. and 10 meter amateur bands; however, frequency coverage 
between amateur bands is possible by using the nearest band pos~tions 
with a small reduction in matching capability. lnput Impedance: 50 
ohms (resistive). . Load Impedance: 50 ohm coaxial with VSWR of 5:l 
or less at any phase angle (3:l on 10 meters). 75 ohm coaxlal at a lower 
VSWR can be used. Balanced Feedlines: With the Drake 8-1000 
accessory balun, which mounts on rear panel, tunes feed polnt 
impedances of 40 to 1000 ohms, or 5:l VSWR referenced to 200 ohms 
(3:l on 10 meters). Long-Wire Antennas: Feed po~nt impedances up 
to 5:l VSWR referenced to 50 ohms. Also. 5:l referenced to 200 ohms 
with the Drake 8-1000 accessory balun (3:l on 10 meters). Meter: 
Reads VSWR or forward power. Wattmeter Accuracy: 5% of 
reading 2 1% of full scale. Insertion Loss: 0.5 dB or less on each 
band after tuning. Front Panel Controls: Provide for the adjustment 
of resistive and reactive tuning, antenna switching, band switching, 
VSWR calibration, and select~on of watts or VSWR calibration, and 
selection of watts or VSWR funct~ons of the meter. Rear Panel 
Connectors: The rear panel has four type SO-239 connectors (one for 
input and 3 for outputs), three screw terminal connectrons (for long-w~re 
and opemwlre feeder systems). and a ground post. 

Specifications, availability and prices subject to change without notice or obl~gatron. 

. ORAYE CQMRAWV [-ma 540 R~chard St M~amlsburg Ohlo 45342 USA -. Phone (513) 866-2421 Tflex 288-01 7 

More Details? CHECK-OFF Page 98 february 1981 [m3 1 



The Majority Leader 
n the  race of popular demand for quality in fiilly 
~ynthesized, multifeature hand held transceiv- 
:rs, the Santec HT-1200 emerges a~ the  com- 

.nanding front runner. More than just handy, the  
Santcc titantis on a solid platform of big rig fca- 
tureti which fully utilize the very latest micro- 
processor technologies. 

When you choose Santee. you opt  for 4 modes of 
automatic scan and search of 10 memories and 
the whole band. When you choose Santec. you 
opt  for selectable output power of 3.5W or  1 .OW, 
with only a 6ma drain for the  optional continu- 
ous display of the bright LED readout. When you 
choose Santec. you opt  for variable scan steps in 
any multiples of SkHz. And when you choose 
Santec. you opt  for a band range tha t  covers 
most A m y  MARS, Navy MARS, and CAP fre- 
quencies and the ease of entering all frequencies 
from the  integrated keyboard. Assuredly, when 
you choose Santec, you opt for the  majority 
leader which hands over features hand over flnt. 

SUGGESTED RETAIL PRICE: $379.00 
Check the pr lcc  a t  vour AuthorlzPd Santec I k a l e r  today1 

~ l l l ~ l l l l l l l l l l l ~ l l m I I ~ ~ ~ ~ m  1 
F'lcm ncnd nlr mom Infnnnmtlon 1 1 ahout thc %ntcc HT.12,W) and a list 

4uthnrLmd %nlcc I k n l r n  I 
I 

I I 

I I Al>I>RES% 
I 
I 

I I 
CITY STATE ZIP 

I 
L m - r r r r  v o u m a v ~ a ~ e o ~ m t r  I-. r = m m m r J  

lCHECK HOW THEY STAND ON THE ISSUES:- 

t SANIK: W-1200 - YMSU R-207R KLFmooDR 
Texan Inatrumcnla T M S  
IOHH) mlcn,prncc*~or ( NE('- 

Rx K Tx on 14.9.9 l o  
1UI 495 
(!NU) channcls wlth mmc 
MARS c#,vcngc 

Rx on 14.9 lle 149.91111 MHz 
Tx on 14.3 to 1 W . M  MI12 
(1200 rhunnclw wllh MARS 
co, r w r  ) 

Rx A Tx on 144 to 147.0911 
MHz, Ham hand only 
(HlW) chnnncln) 

1)lrcct keyboard cntry of  
Ham hand only. MARS 
rrcqucnclcn must hr 
cnlrn-11 Into n mcmnry by 
ntcppfng and rccalllng. 

1)lrcct kcyboerd cnlry of  
all frcqucnclcs Keyboard 
cnlry af5ktfz dlgll whlch 
ntayn In mcmon ' 

10 prol(rnmablc mcmorlcs (I pmfpmahle rncmnrlen. 10  prognmahlc mcmnrlem. 
wl lh frcqucnclm prcloadcd Al l  mcmortcn l o d c d  wlth All mcnnnrlcn Inadcd wlth 
on cold k t .  144.00 on cold &I. 14h.(Y) nn cold hnnt I 

Keyhoard cnrty of  10kHz 
ulcpu wlth a uvl lch for 
RkHz m l r p  

Scan* 10 mcmnrlcn only. 
Rc*urt only. lock mndc 
no1 avmllmhlc. ('nnllnuour 
hand rmn/ncarch not 
avallahlr. 

I!p/Down varlahlc s u n  
r l c p  In  m y  mulUplen of 
5kHz over whnlc banrl or 
n u t w a n  of 10 mcmorlcr. 
Scan ( r r r l r r l  1 or ruerch 
(lock) moden for horh hand 
and mcmory mndcn 

LED dlsplay of number M 

9 . 6 ~  MKhnah ballcry 1 0 . A ~  O m a h  battery 
(Included) (Included ) 

I!p/Down sem wllh l0kHz 
s t e p  only. MI- CVCN 

othcr 15kHz h v  5kHz. 
I r rkm wlthnul rwtnrt. 

Pull I 6  ballon TTP. 
Rcadoul ofthe numhcr 

9 . 6 ~  MKhnah ballcry 
(Included) 

Tx Huh: 9.5W (4W nnmlnal) Low Tx at 1.6W nnly. 
Tx Low: 1% I I 
Volume: 6 4 % ~  I Volume: 6&kc I Votumc: 64Occ 
I7Omm(H) x 6Rmm(W) x IRlmm(H) x BRmm(W) x ISBmm(ll) x 7lrnm(W) x 
47mm(l)) Mmm(1)) 47mm(I)) 1 

- - -  

Rendnut. 1,P.I) 

The Sancrr HT.1800 In approved under K C  Part 15 

m d  excculs FCC n(lulallonn llrnlllag spurlous cmlsslons. 

EM&!!IUl,iw. 
3331 T~~lrnwodDrive,  Suite304, Dallas. Texas 75234, (214) WZ781.  T& *1%5 

I Rcadoulj LED Readout LCD 
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ervation 
Opinion 

The urge t o  compete seems to be a part of human nature. Amateur Radio has its share of competi- 
tion: DXCC, T-Hunts, Field Day. Competition stimulates people to improve, and that's healthy. 

Another contest, which was popular years ago but which hasn't received much publicity recently, 
is the world high-speed CW championship. This is the challenge of challenges for operating skill: to 
break the record of Ted McElroy, ex-W1 JYN, who made the ~uinness Book of World Records by 
copying Morse code at a speed of 75.2 words per minute in a contest at Ashville, North Carolina, on 
July 2, 1939. Ted's record still stands. It's time for someone to try to break it. 

Many readers will sniff in disdain at such a contest: "Who needs it?" "What will it prove?" I'm here 
to tell these people that Morse code is here to stay, like it or not. 

Since I became editor of ham radio, I've received many letters from readers who scoff at the Morse 
code requirement in the Amateur license examination. For the most part, their reasons are that 
Morse isn't necessary for today's communications. I won't argue this point except to say that these 
people are somewhat misguided and know not whereof they speak. Listen to the parts of the 
Amateur bands devoted to traffic handling, the extra-class sub-bands, the Novice bands. It's CW, in 
whatever form. 

A contest to break the world's record in Morse code reception is challenging, exciting, and in the 
best tradition of Amateur Radio for those who like to compete. Ted McElroy's record has been 
unbroken for 42 years. Who will be the next champ? 

We at ham radio are proposing a contest for those who wish to try to break Ted's record. The con- 
test will be conducted under official rules similar to those in effect during the contest in Ashville, 
North Carolina, in 1939. Appropriate prizes will be awarded to the winners. 

Right now the contest is in the planning stage. The first contest will probably be held at one of the 
larger ham conventions in the spring of this year. We haven't yet decided which convention it will be. 
At any rate, the contest will be held under strictly controlled conditions, in a room devoid of distrac- 
tions and noise. A contest of this sort must be done by the rules to guarantee fairness to all. 

More information on the contest will be upcoming in future issues of both ham radio and HR 
Report. Look for it and plan to enter. CW is certainly not dead! . 

Our ex-Horizons readers will find some familiar topics in this issue: an equipment owner's ques- 
tionnaire on three popular transceivers, Bill Orr's column on "Ham Radio Techniques," and of course 
Garth Stonehocker's "DX Forecaster." Next month we'll have the results of the Collins KWM2 and 
KWM2A equipment survey. Also look for the popular Q and A column and an interesting article by 
W J W J  on the world's champion high-speed Morse code operator. 

Alf Wilson, WGNIF 
editor 

4 february 1981 
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hyperbolic 
Dear HR: 

navigation 

Amateur Radio experts often rein- 
vent the wheel in novel ways. A case 
in point is the article in ham radio, 
September, 1980, by Henry S. Keen, 
W5TRS, on "Navigational Aid for 
Small Boat Operators." The whole 
idea here is basically a hyperbolic 
navigation method and is markedly 
similar to the DECCA system used in 
Europe for many decades. DECCA 
operates on harmonic-related fre- 
quencies in the 75 kHz to 150 kHz 
range and uses exact integral divisors 
or multipliers as the intermediate beat 
frequency, very similar to Keen's idea 
of the second harmonic or subhar- 
monic of the beat note. A problem 
that Keen has not addressed is that of 
I ,  lane jumping," or resolution. At 
transmitter frequencies in the 10- 
meter range, the lane width between 
adjacent hyperbolas will be 5 meters, 
which taxes the resolution of the 
phase detector (and the steering navi- 
gator) for keeping track of which 
hyperbola the navigator is seeking. 

At short ranges (a few miles), the 
use of the I-watt-limit, 1750-meter 
experimenter band at 160 to 190 kHz 
might possibly make Keen's idea 
practical with lane widths of 112 
wavelength or 875 meters for one 
cycle of phase change of the beat 
note. Thus 875 meters becomes 360 
degrees of the phase detector output. 
Typical phase detectors resolve to 1 
per cent or so at audio beat frequen- 
cies, so in practice 8.75-meter resolu- 
tion of the path over a particular 
hyperbola might be resolved. 

Another system is available from 

Hastings-Raydist Division of 
dyne Corporation. This has 

Tele- 
used 

transmitters in the 500 kHz to 2.5 
MHz range, with hyperbolas 100 me- 
ters apart and resolution to within 1 
meter. Still other worldwide hyper- 
bolic navigation systems like OMEGA 
(10.2 to 13.6 kHz) and LORAN-C (100 
kHz) use time-sequenced bursts or 
pulses to enable a large number of 
stations to all transmit on the same 
frequency and very effectively meas- 
ure phase difference by the time of 
arrival or sequential memory-aided 
phase-locked loop methods. The very 
high power (1 megawatt) Navy vlf 
communications transmitters oper- 
ating in the 14 kHz to 20 kHz range 
have also been used for worldwide 
navigation. Here, they are all atomic 
clock controlled, so all one has to do 
in principle is to convert the receiver 
measurement to a common i-f in the 
audio range at something like 100 Hz. 

There are a great many pitfalls in 
devising new navigation systems that 
have been thoroughly worked over in 
the past 50 years. A general reference 
on the subject is Kayton and Fried 
Avionics Navigation Systems, John 
Wiley 8 Sons, published in 1969. 
Another reference, particularly on the 
early history of hyperbolic navigation, 
is NBS Monograph #129, "The Devel- 
opment of LORAN-C Navigation and 
Timing," U.S. Government Printing 
Office, $4.50, published October, 
1972. A major problem with any CW- 
type hyperbolic system is that of 
proper lane identification; that is, 
how does the navigator know where 
to start the phase measurement, 
which lane or which line of position is 
he on? The SHORAN system that 
Keen mentions is not a CW hyperbol- 
ic method but rather a direct ranging 

time of arrival of pulse technique 
ooeratinn in the 200-300 MHz range. 
&/ hyperbolic systems have largely 
been replaced by direct ranging ideas 
using coherent phase-locked trans- 
ponders, but this always makes the 
system hardware more complex. 
When engineers think about these 
methods, what invariably happens is 
that the actual working hardware be- 
comes much more complex and ex- 
pensive than the inventor originally 
intended. Also, it is very hard these 
days to come up with something 
new. There are so many people think- 
ing about the same idea at any given 
time that ten people will come up 
with the same idea at once, and there 
is just too much prior art to study. 

Ralph W. Burhans 
Athens, Ohio 

RST 
Dear HR: 

I would like to make a comment to 
the "Observations 8 Comments," 
ham radio, September, 1980.1 whole- 
heartedly agree with the idea of 
changing the RST system to some- 
thing like Q1-Q2-03 as reporting sig- 
nal conditions. 

I am not a DXer or contest man, 
but I have put in some time logging 
on Field Day. It sure looks ridiculous 
to see the whole log with just RST 
599. The RST system doesn't give a 
true picture of conditions. I like the 
Q1-Q2-03 because it seems to cover 
the total spectrum. But as it is done 
now, the whole contest report could 
be just all 03s. Just for the record I 
think I will start using this system of 
Q1,2,3 and wait and see how many 
ask about it. It is worth a try. 

George F. Schmidt, WBUCK 
St. Louis, Missouri 
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SPECIAL! LIMITED OFFER! m 
only $3250° 
Includes T.T.  Pad 

You'll have more lun ano exctlemenl on 2 meter FM with the 
AZDEN PCS 31330 because of tts popular, slate-of-lheafl wn- 
venience Imtures such as mlcro.compuler controlled lull 
band scan and memory luncllons. CMOS PL dtg~tal synthe 
sized, detachable control head excellent recetver sensllivlly. 
25 wans out and much more 

Frw U.P S. - 9 O d ~ f ~ t w ~ ~ f m n c l  

RED HOT SPECIALS 
AZDEN PC52000,2 meters. . . . . . . . . . . . .  .249.M) 

. . . . . . . . . . . . . .  ICOM 260A, All Mode, 2m ,425.00 
KANTRONICS CODE READER.. ........ .360.00 
AZDEN PCS-2800 10m FM .............. ,228.00 
BEARCAT 22001 250 SCANNER.. ....... ,269.00 

............... ICOM IC 255A. 2 meters. ,310.00 
SWAN ASTRO 150, New Style.. ......... ,750.00 
ICOM IC251A. 21-17 All Mode ............. ,615.00 
JANEL OSA 5,2177 Pre Amp .............. .36.50 
ICOM IC2A HANDHELD w Nlcad ........ ,215.00 

w ~ t h  Touch Tone Pad ................ ,239.00 
ICOM 551.6meters. ................... ,408.00 
ALL MFJ PRODUCTS.. ............ 12% 011 List 

Wrlte lor  our Laroe S~ec la ls  
and Used Equlpheni Llsts 

BEN FRANKLIN 
ELECTRONICS 

115% N. Main Hillsboro, KS 67063 

31 6-947-2269 
More Details? CHECK -OFF Page 

HEATHKIT CATALOG 
featuring - the latest -- 

/ in amateur radio. 1 
~ver~ th inb  for our 
amateur radio i obby, 
including antennas 
and accessorles 
Precision test instru- 
ments for the com- 
plete test bench 
Innovative self-study 
programs to help you 
enjoy your hobby 
more 
Complete line of 

I computers, termlnala, 2 - m e t e r  equipment I 
printers software 
and accessories 
Color TV's, fine 
stereo components, 
fuel-efficiency 
products, conven- 
ience items for your 
home.. . 

All in easy-to-build, T r a n s c e ~ v c r s  

I money-saving kits FA- 1 - . .. . ... - - 2 

" - ,  I 

S e l f - s t u d y  programs f o r  n o v i c e  and 
general class license exams 

Dept. 348.742 
Benton ~ a r b d r ,  I Name I 

I a 1 Address 
Heath Co., 1480 Dundas I I 

Highway East city 
Mississauga, Ontario 

S t a t e  I 
L4X 2R7 I 

Zip 
I 

I AM-414 I 



PLAIN LANGUAGE AMATEUR RULES docket released iz the form of a Notice of Proposed 
'Rule Making, PR Docket 80-2/9, includes both the texts of the present Part 97 rules 
and the proposed rewrite, plus explanations. It was printed in the Federal Register 
of December 19. 

Significant Changes, such as the deletion of all logging requirements and addition 
of a requirement that licensees must keep a copy of the Amateur rules on hand, also 
include a warning that the FCC can inspect a station "at any time during the business 
day or any time your station is transmitting or has just finished transmitting." The 
new rules no longer tell an Amateur how he should make various measurements. but only 
how the FCC inspector would make them during a station visit. The proposed new rules 
also clarify rules on interconnects (phone patches), antenna heights, and emergency 
and prohibited comnications. They also include much more information on exams, both 
written and code, and propose that applicants with FCC Commercial CW licenses get 
credit for the equivalent Amateur CW exam. The rewrite also endeavors to consolidate 
and reoraanize the rules into a more concise and loeical arraneement. 

In ~daition To Being Printed in December 19's ~ederal ~e~isi'er, PR Docket 80-729 is 
also available in limited quantities from the FCC Office of Consumer Assistance, Room 
258, 1919 M Street NW, Washington, D.C. 20554. Comments won't be due until June 19, 
1981. and Reply Comments on August 19, 1981. 

ITALIAN EARTHQUAKE AREA COMMUNICATIONS depended very heavily on Amateur Radio until 
telephone and other services were partially restored in mid December, with Amateur 
~adio still providing a major channel for relief traffic. Initial traffic from the 
disaster area included casualty lists, relayed from VHF links in the area by I8ULL 
near Naples. Many stations throughout the U.S. and Canada participated, with KAlBQ 
and WBZFID lead in^ the action on 28802 mornings and 14240 later in the day when con- 
ditions permitted. 

The Need For Transatlantic Relief communications links should continue for at least 
several more months, because of the extent of the damage (over 26,000 square kilometers 
devastated) and the magnitude of the U.S.-originated relief effort. KAlBQ (18CZW) left 
for Italy last month to work on the scene and attempt to convince the Italian govern- 
ment to continue its third Dartv OK. 

I8ULL, Principal ~erminai fo; U. S. /Italy traffic, has been shut down several times 
by aftershock damage. KLM donated a replacement beam, which Alitalia shipped to Naples, 
to that station. 

Participants In Relief communications represent all ethnic backgrounds, KAlBQ noted, 
a graphic demonstration of the fraternal character of the Amateur Radio service. 

30-METER BAND OPERATION was begun in early December by VE3OB, using his Canadian 
commercial callsign, VE9LFZ. for preliminary one-way transmissions with partner VE9LIN 
(VE3BPD). They plan to operate daily at 1500, 1700, and 19002, plus random times eve- 
nings starting at 22002. CW and (later) ASCII will be the modes, using 10.101 and 
10.149 MHz. 

VE9LFZ Was Solid Copy on 10.101 MHz in the Midwest Thanksgiving afternoon, with a 
more than hour-long transmission that peaked as high as 5-6 even though Larry was run- 
ning only 5 watts to an inverted V. These are test transmissions on1 , authorized by 
the Canadian government, and Amateur operations on this band will d l l e p a l  until 
Januaty, 1982. 

CALIFORNIA BRUSH FIRES, which destroyed about 350 homes and burned hundreds of 
thousands of acres in December, brought out plenty of volunteer Amateur Radio support. 
More than 30,000 acres burned east of El Toro, where more than 50 operators used 
W6TIOIR and simplex channels to provide Red Cross, paramedics, and fire headquarters 
with needed radio services. A link with the National Traffic System was also set up 
providing health-and-welfare communications for the fire fighters, who came in from a 
seven-state area. 

Another 150 Or So Amateurs served in San BemardinolRiverside areas, where, along 
with many CBers, they provided communications for the Lake Arrowhead Evacuation Center. 

Another Fire In The Big Basin Redwood State Park destroyed 350 acres of young red- 
wooas there. sixty-five-year-old K6TEH set up his portable 34-94 repeater there at 
the request of the Division of Forestry. A dozen others also took part. 

PHASE I11 OF FCC's CALLSIGN assignment system went into effect December 15, and with 
it all license classes except Novice became eligible to request callsign changes. Any 
Amateur who now holds a callsi n not appropriate for his license class (1x3 for General1 
Technician, 2x2 for Advanced, fx212xl for Extra) may request a change to a callsign of 
the proper format, though without any choice as to the specific callsign he will receive. 

FCC's New Form 610 (August, 1980 edition) is required by Phase 111, so all previous 
editions are now obsolete and may not be used. As before, licensees still have the op- 
tion of retaining their old callsigns when upgrading or changing call areas. A new call- 
sign will not be assigned unless it's specifically requested by the licensee's having 
checked item 2F on the new Form 610. 

Though Both The 4th and 6th call areas are running low on 2x1 callsigns for Extras, the 
Commission does not expect to be ready to go back to 1x2s until 1983 at the earliest. 



MFJ Su~er  
For $2 79.95 you get: C W, Baudot, ASCII, buffer, 
programmable and automatic messages. Morse code 
practice, full featured keyer, human engineering. 

Sending CW has always been a task,  especial. 
ly when you get a little tired. Electronic keyers 
help, but it's still too much work. 

Now MFJ has a Super Keyboard that makes 
sending perfect CW effortless. It also sends Baudot 
RTTY and ASCII. 

"Big deal" you say. "What's so special about 
that. There are lots of keyboards." Yes, but thls 
one is different. 

HUMAN ENGINEERED 
A lot of thought has gone into human engi. 

neering the MFJ-494 Super Keyboard. 
For example. you press only a one or two key 

sequence to execute any command. 
All controls and keys are positioned logically 

and labeled clearly for instant recognltton. 
Pots are used for speed, volume, tone, and 

weight because they are more human oriented 
than keystroke sequences and they remember 
your settings. 

A meter gives continuous readout of buffer 
memory and speed. Two characters before full. 
the meter l~ghts up red and the sidetone changes 
pitch. 

PROGRAMMABLE, AUTOMATIC MESSAGES 
Four automatic messages and two program 

mable message memorles (A and B) are provided. 
Messages A and B can be a total of 30 charac- 
ters. B starts where A ends. 

When recalled, each message takes only one 
character of the buffer. They may be chained 
andlor repeated via the huffer 

"Well." you say. "that sure is not much 
memory." But it's more than i t  seems because of 
the bu~lt- ln automatic messages. 

For example, type your call into message A. 
Then by pressing the CO button you send CO CO 
OE (message A). Press twice to send twice, etc. 

The other automatic messages work the same 
way: CO TEST OE (message A). DE (message A). 
ORZ (message A). 

Special keys for KN. SK, BT. AS, AA, and AR. 

TEXT BUFFER 
The 50 character text buffer sends- smooth 

perfect code even if you "hunt and peck." 
Since each automatic or programmable mes- 

sage takes only one buffer character, this gives 
a far larger effective buffer. 

You can preload a message lnto the bufler. 
Then when you are ready to transmit press the 
control key. 

You can hold the buffer by pressing the shift 
key and space bar. 

W ~ t h  the buffer in hold, you can send a com. 
men1 with an external paddle as a keyer. To re. 
sume sending buffer, press the control key. 

Slmply backspace to delete errors. 

RTTY: BAUDOT. ASCII 
5 level Baudot is transmitted at 60 WPM. 

RTTY and CW ID are provlded vla message A. 
Carriage return, line feed, and "LTRS" are sent 

automatically on the first space after 63 charac- 
ters on a line. After 70 characters the function 
IS lnit~ated w~thout a space. This gives unbroken 
words at the receiving end and frees you from 
sendlng the carriaqe return. 

All up and down s h ~ f t  is done automatically. 
A downshift occurs on every space to quickly 
clear any garbles ~n reception. 

The buffer, programmable and automatic mes- 
sages, backspace delete and PTT control (keys 
your rig) are included. 

The ASCll mode includes all the features of 
baudot. Transmlsslon speed is 110  baud. Both 
upper and lower case are generated. 

MORSE CODE PRACTICE 
There are two Morse code practice modes. 

Mode 1: random length groups of random charac- 
ters. Mode 2: pseudo random 5 character groups 
in 8 separate repeatable Ilst. With answer Ilst. 

Insert space between characters and groups 
to form hlgh speed characters at slower speed 
for easy character recognition. 

Select alphabetic only or alphanumeric plus 
punctuation. Pause function lets you stop and 
then resume. 

IT'S A KEYER, TOO 
Plug in a paddle to use i t  as a deluxe full 

feature keyer with automatic and programmable 
memories, iambic operation, dot.dash memorles. 
and all the features of the CW mode. 

MORE FEATURES 
Tune switch w ~ t h  LED keys transmitter for tun- 

ing. Tune key provides conhnuous dots to save 
finals. Built.in sidetone and speaker. 

PTT (push.to.talk) output keys transmitter for 
Baudot and ASCll modes. 

Reliable solid state keying for CW: grid block. 
cathode. solid state transmitters (-300 V, 1 0  ma. 
Max. + 300 V. 100 ma. Max). TTL and open 
collector outputs lor RTTY and ASCII. 

Fully shielded. RF proof. All aluminum cablnet. 
Black bottom, eggshell white top. 12"O x 7"W x 
1 V4"H (front) x 3'h-H (back). 

9-1 2 VOC or 110  VAC w ~ t h  optional adapter. 

OPTIONS 
MFJ-53 AFSK PLUG-IN MODULE. 170  and 850 

Hz shlft. Output plugs Into mlc or phone patch 
jack for FSK with SSB rigs and AFSK with FM or 
AM rigs. $39.95 ( +  $3). 

MFJ-54 LOOP KEYING PLUG-IN MODULE. 300 V. 
60 ma. loop keylnq circuit drlves your RTTY 
pr~nter. Opto ~solated. TTL input for your computer 
to drive your printer. f 29.95 ( + $3). 

BENCHER IAMBIC PAOOLE. $42.95 ( +  $4). 
1 1 0  VAC ADAPTER. $7.95 ( +  $3). 

A PERSONAL TEST 
Give the MFJ.494 Super Keyboard a personal 

test r~ght  in your own ham shack. 
Order one from MFJ and try 11 - no obligation. 

See how easy i t  is to operate and how much more 
enjoyable CW and RTTY can be. If not delighted. 
return it within 30 days for refund (less shipping). 
One year unconditional guarantee. 

To order, call toll free 800-647-1800. Charge 
VISA. MC or mail check or money order for 
$279.95 for MFJ.494 Super Keyboard. $39.95 
tor MFJ.53 AFSK module. $29.95 for the MFJ.54 
loop keying module. $42.95 for Bencher Paddle. 
and $7.95 for the. 110 VAC adapter. Include 
$5.00 shlpping and handling per order or as indi- 
cated in parentheses if Items are ordered separately. 

Why not really enjoy CW and RTT'Y? Order 

Call 601 313 5869 f ~ i r  trc:liritr;rl 1111(11ni~t1on. 
orderlrepalr status Also call 601 323 5869 out. 
s~de  continental USA and ~n Mlsslssippi. 

W r i t e  t o r  FREE cata log,  ove r  60 p r o d u c t s  

MFJ ENTERPRISES, 
INCORPORATED 

Box  494, M i s s i s s i p p i  State, M S  39762 

More Details? CHECK-OFF Page 98 



BOOK FREE FLYER 

HI=Q BALUN 
For dlpoles, yagts, Inverted - I! 
vees 8 doublets . Replaces center ~nsulalor 0 +a 
puts power on antenna ?Y 

*Broadbanded 3-40 MHz 

Small. I~ghlwetghl and HI-0 
wealherproof Balun 
I 1 Impedance ratlo 

For lull legal power and more 

Helps ellmlnate TVl 
W~lh SO 239 connector 

$10.95 -. 

HI-Q ANTENNA 
CENTER INSULATOR 
a/ < Sl1,aIl r4cJed l~qhlwe~ght. 

w~~alherprool 

Replaces center ~nsulalor 

e5 & Handles lull legal power 
and more 

$5.95 W~lh SO 239 conneclor 

HI-Q ANTENNA 
END INSULATORS 

-. . ) > .  . ,>..*. ,.' , r .*,** 
( ; I,,,, 8 I) I.. ,!, . ., * .. .i.(,n,l,+ .,,.. 

,, , ;,,9w,= ,,,,> ,.,,,,m.-, *,,a,n,., 
.A!,.,,.* I r , ,  1"1,,1,,1.,1, ,111. . nn.,lll,, Ih.t, 

8" ,I lf,,',,, ""Vl. ,,.>,I larllliln h. p,',lnn 
*t""l",, at I,ii)"~nrl I ,,.I5 ,It ndr,lal*.n,, 
1"" t"' ,un*c, ,la,,. 

May hp used tor 
.Guy wlre slraln ~nsulalors 

Ena or crnler Insulators lor 
antrnnas 

hlll *.. $4.95 . C O ~ S I ~ U C I I O ~  01 antenna load- 
.0.1,% ~ n g  cotls or rnullnband lraps 

DIPOLES WITH HI.o 

PRICE WITH CENTER 
WDLL BAWDS LrNaTn HI.O IIALUN INSULATOR 

P" "(8,s 1 "1 s '" t,.. 

, ' b,.. 

s. 4 'ac> 
I ,  : 1 1 1  1, id, , I I,., 

I, ),i , :4 1,, , > $4.. 
1, I . , ,, .) 4 I., ,1,11. 

I1 I0 10 :: 1" ,v, 

-?3,, ,n 31 95 ??v, 
5 1 1 4 I I  4 0  .Ic. ( 8  qr7 ?4 9'> 

P"VW d w "  
f ' i i  l ' ,d>" Hi140(0111 1'1 1Ul 10 111 

I I (J'. 
1'1 n5 

, ~ 1 , , 1 1 , ,  4 1 1 . 7 " 1 ( 1 , ' .  ,*i 

, 0 1 1  i* . , , , ,  
'~,,~4z, 

1 ' l l " l d i i  H i , d i l , c l  
t,,, ..%,,,,, 

!I I , ,  
I.,, , 3 . t  4<>:,, I,, 21, l a l ,  

Om* M".m,- on*. un* n Inc1ud.d k SO mo6.k 
, ., 

*I i S I  1 '+', 111 

20 s,,,,*,, I,, 
A,, .,n,,.r~.r.v. ,,,I I ,  ,x.,,*, ,..*.Ill,, ,ll ,,Rnh,ni* 111 Q A"b."n., 
(,.,. ,.1 Inr,.,",," hi,. , a  .,ll,,.",>,, *n,. r,.r.v"l.r ~n-,,l.,lh,\ 
,,,,I 111111" .,ol'.nn., \,,,'IX", If>,,,. ,So I,"X".l,. m.i, '1,1 I I.ll..ll 

I, , ,  ,,,,I ,,l".l ,,I, *,I 411,,,1,,1, .,., 111.1" I*. ,,,1.11 d1 ,411 rn"(."l.,, l 

ilnd .r,.n .4%i# III. II \ , . - I  IIY U A l I ?  nl ';WL'. 

rc.maoh.- . V A ~ I . ~ ~ , ~ G  *,1r1 .mlc,r.n.q i s t r t w \  
t<v l , , * . , > ,b  < , q ~  A . , r m t , . , t  ! , h  To.! 1 1  4'1 , . P ,,!, ,,, ,,,,,.>< I, ,". ,  ,,,,f, ( V " ,  s#,,,t.+!#... 
, , c ,  . ,'# ,,,,,, ,,..,,,, , ,<. 

Whether you're interested in Ama- 
teur Radio, Electronics, Radio 
Astronomy, Old-Time Radio, VHF, 
SSB or just novels that involve Ama- 
teur Radio - you'll find a large 
selection of these books and more! 
Vast inventory of over 200 titles. 

1 Send your name and address to: 
H A M  RADIO'S BOOKSTORE 

Greenville, NH 03048 

2 

We'll send you our most current book flyer and 
add your name to our bookstore l ~ s t  

A 8 c,<. , ,,r, &*,,,t%,,,C, ,,<a 4H 
i\".,l.,n,.. 4, l.,,,I I.,"," 1,. I. .,I<., . "  ,1.,.. 1 ,,,,., 1 ,,,,,,, 

Corden 
Englneerlng 
m 0 1  IIJOI, s. ~ w c ~ ~ e o w e e ~ m n  "*'-"""" 

- ~ 
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WIIY PAY 
FULL PRICE FOR 
AN 80-10 METER 
VERTICAL 

. . . if ou can use only 113 
oA t  on 107 

. . . or only 112 of it on  207 

. . . or only 314 of it on  407 

On ly  Butternut's n e w  
HFSV-Ill lets you use the 
entire 26-foot radiator on 
80, 40, 20 and 10 meters 
(plus a full unloaded quar- 
ter-wavelength on I S )  for 
higher radiation resistance, 
better efficiency and greater 
VSWR bandwidth than 
conventional multi-trap de- 
signs of comparable size. 
The HFSV-Ill uses only two 
h igh-0 L-C circuits (not 
traps11 and one practically 
lossless linear decoupler for 
completely automatic and 
low VSWR resonance (typi- 
cally below 1.5: 1 )  on 80 
through 10 meters, inclu- 
sive. For further informa- 
tion, including complete 
specifications on the HF5V- 
Ill and other Butternut an- 
tenna products, ask for our 
latest free catalog. If you've 
already "gone vertical," ask 
for one anyway. There's a 
lot of information about 
vertical antennas in gener- 
al, ground and radial sys- 
tems, plus helpful tips on in- 
stalling verticals on roof- 
tops. on mobile homes, etc. 

@ B UTTcEaR N UT 
C ELECTRONICS 

P.O. Box Ul411 
Sen Msrcos, Texas 78686 

Phone: (512) 396-41 11 

FOr the best deal on 
.AEA*Alllance.Ameco.Appie.ASP 
.Avanli.Belden*Bencher*Bird*COE 
~CES*Communicalions Specialists 
~Collins*Cushcrall*Daiwa. DenTron 
~Drake*Husller.Hy-Gain*lcom*IRL.KLM 
.Kenwood* Larsen* Macrotronics* MFJ 
.Midland* Mini-Products*Mirage*Mosley 
*NPC*Newtronics*Nye*Panasonic 
*Palomar Engineers*Regency*Robol 
*Shure*Standard*Swan*Tempo 
*Ten.Tec*Transcom*Yaesu 

Presidents' 
Birthday 

Specials 
TEMPO S-1, only .... $239 

with touchtone .... $269 
I C O M  IC-255A (o ld  

model, while they last) 
only ........................ $299 

KENWOOD TR-7600A 
closeout .......... $269.95 

YAESU FT-207R for the 
best price yet .... CALL! 

APPLE Disk  Based 
System: Apple II or II 
Plus with 48k RAM in- 
stalled, Disk II with con- 
troller, RF Modulator; 
NEW DOS 3.3 .... $1799 

APPLE 16k Special $995! 
Applc p r l c e s  tncludc p r e p a ~ d  s h ~ p p ~ n q  

w ~ t h ~ n  c o n t ~ n e n t a l  C l n ~ t e d  S t a t e s  

Erlckson is accepting late model 
amateur radio equipment for service: 

full time techn~cian on duty 

CALL TOLL FREE 
(outslde Illlnoir only) 

(800) 621 -5802 
HOURS: 9:30-590 Mon.. Tucr.. Wed. & Frl. 

Tell 'em you saw it in HAM RADIO1 



MnDs PERFORMANCE FOR YOUR DOLLAR! 
OMPETITORS KNOW ABOUT THE 
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large antenna proaucer ro maKe a major aeslgn moalrlcarlon ro nls mosr 
popular VHF Base Station antenna. Innovative IsoPole cor 
couplers (pat. pend.) offer many new design advantages. 

All IsoPole antennasyield the maximum gain attainable for \I I~ I I  Ieapebtlve 
lengths and a zero degree angle of radiation. Exceptional decoupling results 
in simple tuning and a significant reduction in TVI potential. Cones offer 
greater efficiency over obsolete radials which radiate in the horizontal plane 
and present an unsightly bird's roost with an inevitable "fallout zone" below. 

r IsoPoles have the broadest frequency coverage of any comparable VHF 
e station antenna. This means no loss of power output from one end of the 
d to the other, when used with SWR protected solid state transceivers. 

Typical SWR is 1.4 to 1 or better across the entire band! 

utstanding mechanical design makes the IsoPole the only logical choice 
.,. a VHF base station antenna. A standard 50 Ohm SO-239 connector is 

' recessed within the base sleeve (fully weather protected). With the IsoPole, 
you will not experience aggravating deviation in SWR with changes in weath- 
er. The impedance matching network is weather sealed and designed for 
maximum legal power. The insulating material offers superb strength and 

ectric properties plus excellent long-term ultra-violet resistance. All 
~nting hardware is stainless steel. The decoupling cones and radiating 
nents are made of corrosion resistant aluminum alloys. The aerodynamic 

~ ~ l ~ e s  are the only appreciable wind load and are attached directly to the 
support (a standard TV mast which is not supplied) 

Operating on MARS or CAP? The IsoPole and Is1 ISOPO 
+-ically operate at least + 2 MHz outside the respecrlve narn Dana wirnoul 

~ning. However, by simple length adjustn ISOPO 
r a wider range outside the ham bands. 22051 

ur competitors have reacted to the Isorole, rnayoe you srtould too! $39.9 

Order your IsoPole or IsoPole Jr. today from your f' 

nent, the 

.n-*- - 
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-. antenr - L--2. 
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I ~istributor. For more information on other exciting 
'soPOLF'* Advanced $49.95 
ISOpOLEpm tions. lnc.. P.O. Box 

$44.95 
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for preamplifiers 
and converters 

A recent article b y  W6NBIl describes an easily 
duplicated temperature-limited diode noise generator 
and power supply. This generator provides both a re- 
producible source of noise and, by measuring the di- 
ode plate current, an easy method to measure the 
noise power output of the source. Aswill be discussed, 
verification of a receiver's noise figure by the use of 
this generator is straightforward, using either the 
y-factor or twice-power methods. 

Optimization of the noise figure of a receiver is 
quite tedious because each time a parameter is var- 
ied, two measurements (insertion of a pad and some 
calculations) are required. Also, since the two meas- 
urements are taken at different times, any gain drift 
in the system will introduce error into the measure- 
ment. If you are willing to restrict the noise source to 
a temperature-limited diode, it's possible to build a 
very accurate automatic noise-filter meter that avoids 
some of the compromises multisource meters must 
make to accommodate different sources. 

derivation of the noise-figure concept 
Noise factor (F) of a receiver is defined as 

S/NI(Ideal Receiver) - NA 
F =  - -  

S/NA(Actwl Receiver) NI 

- - Noise Power Actual Receiver 
Noise Power Ideal Receiver 

(1 )  

and in logarithmic terms 

Noise Figure (NF) = 10 log F (2) 

It's important to keep the log NF terms and the 
numerical ratio F terms separate in your mind; if you 
mix them up you'll make errors when calculating cor- 
rection factors. 

If we call NI the noise output power from the 

I automatic 
/ noise-f igure 
1 meter 

receiver when its input is terminated in a 50-ohm 
resistor at a temperature of 290 K (62 F), then 

where NRA = receiver added noise power 
NT = termination resistor noise power 

G = receiver gain 

If we then apply an excess noise to the receiver in- 
put we can define: 

Nz = NRA + NTG + (EN)G (4) 

where EN = excess noise power. 

Noise power (N) = kTB 
oules and k = Boltxman's constant 1.374 x 10-23 J 
OK 

T = absolute temperature OK (OC + 273') 

B = bandwidth 

then 

NT = k ToB (5) 

where To = 290 K (62 F) (by IEEE Convention) 

EN = RTB (6)  

where T = effective temperature of the 
excess noise source in OK. 

The definition of the noise factor of a receiver ( e q .  1 )  
is 

NA Nl F = = -  
NI kT@G 

Edward T. Gisske, KSIMM, 7256 Mineral 
nt Road, Verona, Wisconsin 53593 

12 february 1981 



The amount of noise added by the receiver is circuitry must also be linear over a range of agc levels 
* 

Nz = k T d G  + (F- 1) @ToBG) + kTBG - 
Nl kT@G + (F- 1) (kToBG) 

- - FTo+ T -  T o  

FTo 

Rearranging 

(7) 

Nl 

or, in dB 

The first term is equal to the excess noise ratio (ENR) 
of the source expressed in dB 

NF = ENR(dB) - 10 log (9) 

The term N2/NI is referred to as the y-factor and is 
used by automatic noise-figure meters such as the 
HP-340 series to measure noise figure in the follow- 
ing manner9 

With reference to fig. 1, note that the source is 
gated on and Nz is measured; then the source is 
gated off and Nl is measured. This sequence is re- 
peated at about a 500-Hz repetition rate. The ENR of 
the source is known, and N2 is used to set the gain of 
the i-f amplifier so that N2 is a fixed output regardless 
of the receiver gain. Then, by measuring N I ,  the ratio 
N2/N1 is known. The meter is calibrated to solve the 
equation: 

NF = ENR- 1Olog / 10) 

This ratiometric measurement factors receiver gain 
out of the measurement, so it's possible to tune for 
minimum noise figure without recalibration. Note 
that the i-f amplifier agc loop must be very tight, as 
the measurement depends on maintaining a constant 
reference (NZ)  level. The i-f amplifier and detection 

'The transition from eq. 6 to eq. 7 may not be obvious to some readers, in 
view of the appearance of the term (F -  1). The equation for N , / N ,  is cor- 
rect, however, as the following shows: 

By definition, the noise temperature, T ,  of the input terminating resistor 
is related to the equivalent noise factor, F. contributed by the terminating 
resistor by the relationship 

T  = TO(F- 1) 

rearranging ' = (F-1)  

therefore To 

(F- I )  ( K T S G )  = ( K T S G )  = KTBG 
T o  

Note that if T  = To,  (F- 1) = 1  . (F- 1) accounts for the noise power at 
the amplifier output due to the input terminating resistor operating at some 
temperature T ° K .  When T + To,  then a correction for overall noise figure 
is made. Editor. 

to get a valid NI measurement. 
Another noise-figure measuring method, usually 

used for manual measurements, is called the twice- 
power method. This method forces Nz = 2N1 by ad- 
justment of the source ENR. 

NF = ENR (dB) - 10 log (% - 1) 

NF = ENR (11) 

Fig. 2 shows a block diagram of the measurement. 
In practice, the measurement is performed as fol- 
lows: with the noise source off and the pad out of 
the circuit; the power meter reading is noted. The 
source is then activated and the 3-dB pad inserted in- 
to the circuit. The source ENR is adjusted to produce 
exactly the same reading as before. When this condi- 
tion is satisfied, the ENR of the source is equivalent to 
the receiver noise figure. The ENR of the source is 
usually adjusted by padding the source with a preci- 
sion variable attenuator. 

The attenuator setting is subtracted from the 
known ENR of the source to compute the receiver 
noise figure. This works for temperature-limited di- 
ode, argon discharge, or semiconductor diode 
souces. With the temperature-limited diode, an addi- 
tional method of adjusting source ENR is to adjust the 
diode plate current (by varying the filament current) 
and thus vary the effective source temperature. Co- 
incidentally, in a 50-ohm system, the noise factor 
F a  diode #late current and noise figure, NF a 10 

1000 
log I(mA). (See reference 1 for a derivation of this re- 
lationship.) The advantage of the twice-power 
method over the y-factor method is that the power- 
measuring circuit is always operated at the same sig- 
nal level; therefore linearity of the amplifiers and de- 

---------------------- 
I 
I METER I 

fig. 1. Simplified block diagram of the HP-340B Automat- 
ic Noise Figure Meter (copyright Hewlett-Packard Com- 
pany, 1969. Used by permission). Commercial Instru- 
ments such as this use the y-factor method of noise- 
figure measurement, where the y-factor is the ratio of 
N, /N,  (see eq. 10). 
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fig. 2. Block diagram of the twice-power method of man- 
ual noise-figure measurement. This method forces 
N, = 2N,  by adjustment of the source excess noise ratio 
IENR). 

tector in the circuit has no effect on the accuracy of 
the measurement. 

an automated twice-power 
measurement system 

Commercial automatic-noise-figure (ANF) meters 
use the y-factor method because they're designed to 
work with a combination of sources, argon dis- 
charge, semiconductor or temperature-limited diode, 
necessary to cover a wide range of frequencies up to 
the GHz region. Frequencies of major interest to 
Amateurs are in the 10-600 MHz region. This allows 
the use of the temperature-limited diode as the only 
necessary source and greatly simplifies the measure- 
ment problem. 

With reference to the block diagram of fig. 3 and 
the timing chart in fig. 4, note that the noise source 
is gated both in the filament circuit and in the plate 
circuit. The plate gate turns the source on or off, and 
the filament gate adjusts the ENR by pulse-width 
modulating the filament current. Because of its long 
thermal time constant, the filament is not used for 
noise source on-off gating. 

The receiver under test can be any combination of 
amplifiers and/or mixers with an output frequency of 
28 MHz and an output impedance of 50 ohms. 

The ANF-meter input is through an electronically 
switched 50-ohm 3dB attenuator. This pad is switched 
into the circuit when the source is on, and out of the 
circuit when it is off. A train of noise pulses from the 
attenuator is fed to the i-f amplifier, which amplifies 
the noise pulses to a usable level. The input level of 
this meter should be 7 pV ( - 90 dBm) or greater for 
proper operation. 

The i-f strip output is detected with a half-wave 
hot carrier diode detector and fed through an amplifi- 
er to the two sample-and-hold (SBHI amplifiers. The 
SBH amplifiers are circuits that will follow the input 
voltage when in sample mode and hold the final volt- 
age of the sample period in hold mode until updated 
with a new sample pulse. SBH 1 samples the last half 
of the atfenuator out-source off period. Sampling is 
done in the last half of the period to allow attenuator 

and source switching transients to die out. SBH 2 
samples the last half of the source on-atfenuator in 
period. The outputs of these two S&H amplifiers are 
presented to the comparator. If the comparator de- 
cides SBH 1 output is higher than SBH 2, it turns on 
the source filament. If SBH 2 output is higher than 
SBH 1, it turns off the filament. This sample-and- 
compare cycle is repeated at a 170-Hz rate. 

At this update rate, the filament thermal inertia will 
average the on and off pulses to give a filament tem- 
perature corresponding to exactly 3 dB ENR. The 
SBH 1 output is fed back to the agc input of the i-f 
strip to reduce the i-f gain for converters or amplifiers 
with very high gain or poor noise figure. This is a 
rather loose agc loop but, for this applicaton, where 
the sample-and-hold amplifiers are compared only to 
see which one is higher, it's only necessary to keep 
the i-f output within the common-mode range of the 
comparator and the linear range of the sample-and- 
hold amplifiers. The agc loop time constants and 
loop gain are somewhat critical because this is a Sam- 
pled-data servo loop. Such loops, unless properly 
compensated, will tend to be unstable. Linearity of 
the system is unimportant, as the i-f amplifier, the 
detector and the S8H preamplifier are all working at 
the same level of noise when the system is in 
balance. 

The source plate current is detected as a voltage 
across the 100-ohm resistor in the source plate sup- 
ply return. As this current is being pulsed by the gat- 
ing circuitry, S8H 3 is needed to sample during the 
source on period and hold during the source off peri- 
od. SBH 3 output, which is proportional to the 
source plate current, is supplied to the log amplifier, 
which converts noise factor to noise figure and al- 
lows the meter to have a linear scale. The log amplifi- 
er output feeds a "perfect" rectifier, which ensures 
that only positive voltage reaches the meter. The 
summing junction of this op amp makes a handy 
place to supply a calibrated offset voltage to add or 
subtract a correction factor for the source ENR vs. 
frequency error and for loss pads. 

manual noise figure measurement 
circuit 

This meter can also be used for manual twice- 
power-method noise figure measurements when it is 
difficult to get a 28-MHz output from the receiver 
under test. In this mode the source is turned on all 
the time, and a compar'ator monitors a voltage cor- 
responding to desired plate current (set by a front- 
panel pot) and the voltage across the meter. When 
the meter voltage is higher than the set-point volt- 
age, the filament is turned off and vice-versa. When 
the source is adjusted to give exactly 3-dB ENR, the 
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fig. 3. Automatic noise-figure measuring system using the twice-power method. System is designed 
for use in the 10-600 MHz region, which allows the use of a temperature-limited diode as the only nec- 
essary noise source, thus greatly simplifying the measurement problem. 

noise figure can be read directly from the meter. The 
i-f loop is disabled during operation in manual mode. 

circuit details 
Fig. 5 shows the noise-figure meter schematic. 

The noise source can be either an HP-343A or the 
homebrew 5722 source described by W6NBIl. I pre- 
fer the 5722 source because the price for the tube is 
$9.00 compared to the $90.00 that HP charges for 
their noise diode. The homebrew source, if carefully 
constructed, should be as good as the HP source. 
The meter power supply is a fairly conventional 
f 15V regulated supply. The 10-pF bypass capacitors 

SOURCE ON m 
OFF 

A T N A T O R  IN -1 
OUT 

.a H I  ;YE J r-'--l 
HOLD 

sa.2"" n r"-l- 
HOLD 

S B  13 n 
HOLD 

fig. 4. Timing chart for the twice-power noise-figure 
meter. 

for U13 and U14 should be mounted immediately at 
the device terminals or oscillation is a likely result. 

The source has a grounded plate, so the 200-volt 
plate supply has its positive end grounded through 
the gate transistor, 01, and the current measuring 
100-ohm resistor. 01  and 0 4  form a quasi-Darlington 
switch designed to minimize base current injection 
into the current-measuring circuit. The negative end 
of the plate supply is fed up the filament line to the 
source. Q2 gates the filament current, and the 6.2- 
volt zener diode ensures that the maximum filament 
voltage is 4.9 volts. Q2 is driven by opto-isolators, as 
it is floating 200 volts below ground. 

The receiver noise output is applied to the elec- 
tronically switched 3-dB pad at the input to the i-f 
strip. When the voltage at point D is + 15 volts, CR5 
is turned on and CR4 and CR6 are back biased. This 
removes the pad from the circuit. When point D is 
grounded, the pad is switched into the circuit by CR4 
and CR6, while CR5 is back biased. This pad should 
be symmetrically constructed using minimum lead 
lengths. The ultimate accuracy provided by the ANF 
meter depends on the accuracy of this pad. One- 
quarter-watt carbon film resistors and small disc cer- 
amic capacitors should be used for best results. The 
output of the pad is connected to the next stage 
through a highpass filter to reduce the effect of 
switching transients on the next stage. 04  is a broad- 
band amplifier designed for 50-ohm input and output 
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impedance and has 10 dB gain. A diplexer interstage 
network tuned to  28 MHz feeds another 11-dB 
broadband amplifier. The broadband negative feed- 
back amplifiers are used to ensure unconditional sta- 
bility and proper wideband termination for the pad. 

U15, an MC 1590G, provides the bulk of the gain 
(50 dB) as well as a 60-dB agc range. Both input and 
output of this amplifier are tuned to 28 MHz; since it 
packs a lot of gain into a small package, shielding is 
necessary for stability. A hot-carrier diode coupled to 
the MC 1590 tank is the detector, and the 360-pF ca- 
pacitor provides light filtering of the detected noise 
level. Averaging of the noise level is done by the 
memory capacitors in the sample-and-hold amplifi- 
ers. The detector output is coupled to U4A, which 
has a dc gain of 31 and provides some additional 
filtering. 

Nl and N2 pulses are separated by the sample-and- 
hold amplifiers U5 and U6. 0 3  buffers the output of 
U5. The 6.2 V Zener diode and forward-biased silicon 
diode level-shift the agc for the MC 1590. The agc 
level starts at 6.8 volts and goes up with increasing 
signal level. 

U7B compares NI and N2 levels and decides 
whether or not to turn on the filament in the source. 
U7A is another comparator that decides if there is 
sufficient noise signal for an accurate measurement. 
If the Nl pulse level is too low, the front panel "low 
gain" LED is lit, and the cathode of the LED in U8 is 
elevated to + 15 volts. This action disables the fila- 
ment circuit, keeping the terminating resistor cool 
and saving the noise tube. 

U1, U2, and U3 compose the timing circuit for 
generating the gate signals. U1, an NE555V, func- 
tions as an astable multivibrator at 340 Hz. U2, a flip 
flop, divides Ul's output by 2 and by combining U2 
and U1 outputs in U3, the nonoverlapping quadra- 
ture sampling pulses are synthesized. In the manual 

. . .. 

PC board. 

1 

fig. 6. Sketch of oscilloscope pattern taken at the i-f out- 
put jack. 

mode, U2's reset input is held high. This action en- 
ables the source continuously and U9, the meter cir- 
cuit sample-and-hold amplifier, operates at a 340 Hz 
rate. In the automatic mode U9 samples during the 
last half of the source-on period and supplies a 
smoothed voltage proportional to plate current to the 
log amplifier, U12. The signal at the output of U12 
corresponds to noise factor x 0.1, which the log 
amplifier converts to noise figure. This chip is quite 
expensive (about $35) and can be eliminated if the 
meter is recalibrated. The meter will now read noise 
factor and should have 3 mA and 30 mA full-scale 
positions. If you decide not to use the log amplifier, 
pull U12 and disable U1OB by removing its external 
components. Connect points Y together and do not 
install the compensation pot, R1, or its switch. 

UlOB, a perfect rectifier, blocks negative voltages 
from pinning the meter down-scale. ~ 1 2  output is 
negative for source plate currents of less than 1 mA 
and - 15 V for zero plate current. UlOA is the com- 
parator for the manual mode. It decides if the source 
current, as represented by a voltage across the meter 
circuit, is higher or lower than the desired current, 
set by the front panel manual-current control. The 
4.7 megohm resistor between the output of UlOA 
and its noninverting input supplies a minor amount of 
hysteresis, and the 4.7 megohm resistor between the 
inverting input of U1OA and + 15 V swamps out any 
offset in UlOA and ensures that the plate current of 
the source can be zeroed with the manual current 
control. 
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fig. 7. Block diagram showing technique for measuring noise figure of preamplifiers or converters. 

construction 

The i-f strip is built into an enclosure made of 
double-sided PC board. All voltages are brought into 
the strip through feedthrough capacitors. Button 
ceramic capacitors are used for bypass purposes, 
and ceramic standoffs are used for unbypassed tie 
points. Even though the i-f strip operates at 28 MHz, 
the FT of Q4 and Q5 is 1.4 GHz, and the MC 1590 op- 
erates up to 300 MHz; therefore vhf construction 
techniques must be used to ensure stability. A shield 
should be mounted across pins 8 and 4 on the MC 
1590 to isolate the input and the output of this stage. 

The logic and analog circuits are all on the PC 
board. Sockets should be used for the integrated cir- 
cuits as some must be pulled during calibration. All 
resistors are 114 watt 10 per cent tolerance, and all 
capacitors are disc ceramics unless otherwise noted. 
The power supply and switching transistors are 
mounted onto the chassis. Q2 should be bolted to 
the chassis for a heat sink. This transistor and the 
rest of the filament power circuit should be treated 
with caution, as it is at - 200 volts. 

Don't use a Zpin connector for the source and rely 
on the connector shell for a ground; otherwise you 
may get a 200-volt surprise when you plug in the 
source with the power on. Use a Spin plug with the 
ground routed through a pin. U13 and U14 should be 
heat-sinked, and attention should be paid to the wir- 
ing of these ICs. Even though they are complemen- 
tary ICs, the pinouts are different. The meter has a 1- 
mA 1000-ohm movement and is calibrated for 0-3 
and 0-15 dB noise figure by erasing the original scale 
with an electric eraser and recalibrating with transfer 
letters. The compensation pot is a 10-turn linear digi- 
tal readout pot with 10 volts applied across it. Either 
+ 10 or - 10 volts can be used to give - 10 dB to 
+ 10 dB compensation. This adjustment is used to 
null out the excess ENR of the source with increasing 
frequency and to compensate for loss pads between 
the source and the receiver. 

checkout and alignment 
First unplug all the ICs and confirm that the power 

supply voltages are correct. If they are, plug in U1, 
U2 and U3 and see if you get quadrature pulses out 
of U3A and U3B. Connect a 28-MHz signal generator 
to the input jack and an oscilloscope to point C. In- 
crease the signal generator output until you see a 
train of pulses at point C. Peak the U15 input and 
output circuits. Reduce the signal level to some con- 
venient value and verify that the levels of the pulse 
train are 3 dB apart. This must be done with a cali- 
brated attenuator of known accuracy. Connect an rf 
pad (10 dB for example) between the signal genera- 
tor and the input of the ANF meter. This standardizes 
the signal-generator output impedance to 50 ohms. 
Unplug U2 and connect point D to + 15 V. Connect a 
DC voltmeter (preferably a digital voltmeter) to the i-f 
output jack and note the reading on the voltmeter. 
Then connect point D to ground and plug a 3-dB pad 
between the 10-dB pad and the ANF meter. The volt- 

:;: -y// //: 3 4 5 6 7 8 9 1 0  1 
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fig. 8. Temperature correction for a temperature-limited 
diode noise source (courtesy Hewlett-Packard 
Company). - 
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meter level should remain the same. Disconnect the 
ground on point D and plug in U2. Plug in U4 and U5, 
and check to see if the pulse train is amplified by a 
factor of about 30 in U4A. Increase the signal level 
and see if the pulse train level at the i-f output jack 
stabilizes. This verifies that the agc loop is operation- 
al. Plug in U6 and U7. With the signal generator set 
for 7 FV and the pads removed, adjust R4 until the 
low gain LED just goes out. Turn the signal down and 
the LED should come on. Plug in U12 and temporarily 
solder a 10 k resistor between pins 2 and 7 of this IC. 
Ground pin 5 of U9 (make sure U9 is out of the soc- 
ket), and adjust R3 for zero volts at U12 pin 7. Unsol- 
der the 10 k resistor and unground U9 pin 5. 
" Connect an accurate source of 0.1 volt to U9 pin 5 
(make sure U9 is still out of its socket) and adjust R2 
for zero volts at pin 10 U12. Now turn up the source 
to + 10 volts and adjust R5 for exactly - 2.0 volts at 
pin 10 U12. Plug in U10, turn the compensation pot 
to zero, and adjust the voltage source to + 0.2 volts 
at U9 pin 5. With the meter switch in the 3-dB posi- 
tion, adjust R7 for full scale. Change the meter 
switch to 15 dB, increase the source voltage to 
+3.16 volts, and adjust R6 for full scale. 

Disconnect the voltage source and plug in the re- 
mainder of the ICs. Turn the AUTO STBY MAN switch 
to manual and plug in the noise source. The manual 
current control should vary the plate current (as ex- 
pressed in NF) from zero up to 12 or 14 dB before sat- 
urating. Flip the switch to automatic and verify that 
the filament remains dark. 

Connect the output of an amplifier to the input 
jack and apply power to the amplifier. The filament 
should light and the low-gain LED should extinguish. 
The meter should swing to saturation (12-14 dB). 
Now connect the source to the amplifier. Assuming 
the noise figure of the amplifier is in the range of the 

Chauir layout. 

I-f strip. 

instrument, the meter should now indicate its noise 
figure. 

operation 
The reader is referred to the article by W6NBI on 

automatic noise-figure measurements for back- 
ground on proper use of ANF meters.3 A few com- 
ments pertaining to this particular meter are in order. 
Fifty-ohm output impedance of the receiver under 
test is required for accurate operation of the input 
pad in the meter. Amplifiers and converters seldom 
have 50-ohm output impedance, so a 3-dB or greater 
pad should be inserted between the receiver under 
test and the meter input. This pad won't cure the 
mismatch, but it will swamp out its .effects on the 
measurement. 

The receiver under test must be stable, since the 
meter is unable to tell the difference between noise 
and oscillation. In the same vein, if you are in a high 
rf-level area, the receiver should be well shielded. I 
live within three miles of four TV stations, four com- 
mercial fm stations, and a multitude of commercial 
and Amateur repeaters and paging services; conse- 
quently I find it difficult to get proper measurements 
on unshielded converters or preamps. 

An i-f output jack is mounted on the front panel for 
connection to a scope to verify proper operation of 
the comparison circuitry. Fig. 6 shows what the 
scope picture should look like. The important thing is 
that the N1 and N2 sample periods should be at the 
same level. The large negative pulse at the beginning 
of the source off period is caused by the source not 
turning off immediately. This is because of the finite 
discharge time of the bypass capacitors in the fila- 
ment circuit of the source. A sway binding post 
mounted on the front panel is used as a handy source 
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of + 15 volts to supply converters and amplifiers. 
When working with preamps with a sub-3-dB noise- 
figure, be aware that the input impedance for best 
noise figure is seldom 50 ohms. This presents a mis- 
match to the source and indicates an erroneous noise 
figure, which is usually too high. A 3-dB pad be- 
tween the source and the receiver input will swamp 
out most of the error. The 3-dB-pad effect can be 
nulled out by the compensation pot, so the meter will 
read noise figure directly. I use the technique in fig. 7 
to measure converters or preamps. The first 3-dB 
pad terminates the source, and the 20-dB-gain ampli- 
fier after the preamp under test reduces the effect of 
mixer loss on noise figure to a negligible level. The 
mixer isa broadband, double-balanced mixer (ANZAC 
MD-108) packaged in a small box with BNC connec- 
tors for the ports. The 3-dB pad after the mixer termi- 
nates the switched pad in the meter. The signal gen- 
erator supplies local-oscillator power at f f 28 MHz. If 
the amplifier has a reasonable noise figure ( 5 4  dB), 
and the preamp has a reasonable gain ( 515  dB), 
then the compensation for a 2-meter preamplifier 
would be figured as follows: At 144 MHz, ENR error 
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fig. 9. ENR error as a function of frequency for the HP- 
343A or 5722 source (from reference 1). 
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Gz = second stage numerical gain 

F2 = second stage noise factor 

F3 = third stage noise factor 

Note that this formula uses noise factors and numeri- 
cal gains, not noise figures and decibel gains. 

If the source terminating resistor temperature is 
other than 290 K (62 F), a correction must be made 
for this error. 290 K (62 F) is below room tempera- 
ture, and the resistor is very close to a hot tube, so 
this correction is usually necessary. Unfortunately 
this is a non-constant error, so the compensation pot 
can't be used. The best technique is to factor the 
other errors into the compensation pot correction 
and then use that figure to work up the temperature 
correction from fig. 8. The ENR correction for fre- 
quency for the HP 343A source and the W6NBI 5722- 
type source is given in fig. 9. This error should be 
nulled out as a + compensation with the compensa- 
tion pot. Be aware that the source accuracy is the 
limiting factor for the measurement accuracy. I sug- 
gested that the hot-cold resistor noise figure meas- 
urement system be used to verify the excess-noise 
ratio output of the source at various frequencies.4 If 
this is done, this meter should be as accurate as the 
commercial models. 

Noise figures, like antenna gains, are numbers that 
are often claimed but seldom measured. My involve- 
ment in this project has been well worth the effort, 
especially when I see the long faces (mine included) 
on the owners of "hot" preamps when the meter 
reads otherwise. 

I'd like to acknowledge the assistance of W9XM 
and WASACI in reviewing this paper and for many 
spirited discussions on the philosophy of noise-figure 
measurement. 
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Amateur Radio 
equipment 

survey 

Detailed reports from owners of several models of 
popular Amateur Radio gear were featured in various 
issues of H8m Radio Horirons. These reports were 
received with much favor by readers who were con- 
templating the purchase of equipment, either new or 
used. 

This month we continue our owners' equipment 
survey by selecting for review three radios that have 
enjoyed much popularity in the Amateur community. 
The radios have been in use long enough so that a 
fairly broad sample of opinion and experience can 
now be collected. They are the lcom 701, Drake 
TR-7, and Kenwood TS-520 series - all high-fre- 
quency transceivers. 

The items in the owners' report form'have been 
chosen to extract the most information of use to the 
prospective buyer in making his choice. The results 
of the survey will show what owners really think 
about their equipment - what was best liked, what 
was disliked, what types of problems were encoun- 
tered and how they were resolved, and in general 
what owners felt about performance, maintainability, 
and reliability. 

Reading the results of the survey will surely help 
you decide how to spend your money for that new 
rig. You can profit from the experience of Amateurs 
who have learned by doing - putting the equipment 
to work under actual operating conditions. Such 
information can be much more meaningful than a 
laboratory report made from tests under controlled 
conditions. 

The report sheets can be even more useful if com- 
mentsareadded, in addition to answers being checked 
off where called for. Feel free to let us know your 
opinions. The more information we can gather, the 
better we'll be able to serve prospective buyers. 

Next month we'll be publishing the first part of our 
two-part rundown on Collins gear, in which we'll pre- 
sent the data we've collected from users' comments 
on the KWM-2 and KWM-2A transceivers. In the 
April issue, we'll appraise the 32s-series transmitters 
and the 75s-series receivers. As in the past, the read- 
ers of ham radio have made some perceptive and 
revealing comments on the equipment they own and 
use. If Collins equipment interests you, be on the 
lookout for these two articles. 
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Owner's Report on Amateur Radio Equipment 
(Please report only from your o w n  experience. Type or print clearly.) 

1. Make and Model (please circle the exact unit you are reporting on). 

Drake TR7 Kenwood 520 
520 S 
520 SE 

2. What year did you buy it? New? Used? 

3. Where did you buy it? Dealer Mail Order Individual Flea Market- 

800 Number Other 

4. Would you buy from the same source again? 

5. Amount of use: Daily Often Occasional Seldom 

6. Is this your primary or backup rig? 

7. What modes have you used? CW- S S B  RTTY- SSTV-AM Other- 

8. What is the rig's best feature? 

9. Worst feature? 

-- - - - - - 

10. Have you had any problems? Explain 

11. Have you had the rig serviced? Where? Manufacturer Dealer Other 

12. Was the service satisfactory? Yes No 

13. What accessories have you purchased for this rig? 

14. Have you been able to obtain all the accessories and parts you need? 

15. Have you been satisfied with these accessories? Yes No 

16. If not, why? 
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17. Additional features you would like to see built into a rig of this type 

18. Give the equipment a score from 1 to 10 (with 1 being poorest, 4 to 6 average, and 10 perfect). 

Ease of operation 

Reliability 

Durability 
(in continuous use) 

Instruction Book 

Factory1 Dealer Service 

Quality of Workmanship 

Performance 

Maintenance 

Parts Availability 

Accessories 
(ease of connection) 

Price 

Flexibility 

19. How long have you been licensed? Your Age License Class 

1 Principal activities: C o n t e s t  D L  Rag Chewing 

Traffic Handling Experimenter 

20. What antenna do you use most? Beam Wire Vertical Other 

21. What rig would you like to see reported on in the future? 

22. Would you buy this same rig again? 

23. (Optional: fill in the following only if you wish.) 

Submitted by: Name Call 

Address 

City State Zip 

(Signature) 

(Your signature authorizes ham radio to quote portions of 
your comments in our report.) May we use your name and/or 
call? 
Yes No 

Note: If you own more than one of the rigs indicated, please use a separate form for a report on each rig. 

Completed survey forms must be returned no later than March 31,1981, to be included in our report. 

Mail To: Ham Radio Owner's Report No. 4, Greenville, NH 03048 
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80=meter receiver 
for the experimenter 

I antenna input circuit 

Basic building blocks 
for those 

who like to build 
their own gear 

This simple receiver covers the 80-meter band. 
Other bands can be received by adding converters. 
This article has been submitted with the idea of giv- 
ing other experimenters some ideas about receiver 
construction. A simple low-frequency i-f filter is also 
included. It provides a bandwidth of about 1200 Hz 
- great for CW if the band isn't too crowded. The 
nice thing about the filter is that it's inexpensive: two 
crystals at $2.00 each plus a few other parts (also 
inexpensive). 

description 
My receiver was built on a 5 x 9 inch (12.7 x 23 cm) 

chassis with a panel measuring 9 x 5 inches (23 x 
12.7 cm). I found room for a power supply and small 
speaker. The dial was Japanese. With a switch on 
the back of the chassis I can change to battery opera- 
tion instead of the ac supply, thus making a nice 
portable receiver that will fit into a travel bag. 

No rf stage was used in this receiver design be- 
cause I anticipated that converters would be used for 
higher-frequency bands. An rf stage isn't needed on 
80 meters - thissavessomespace. The antenna is fed 
directly into an attenuator, which I found necessary 
to prevent receiver overload. The attenuator was 
made from a dual 10k-section pot (see fig.1). 

The antenna coils are double tuned with separate 
100-pF capacitors for simplicity rather than a split 
stator capacitor. This eliminates the tracking problem 
and hard-to-find parts. 

The antenna coils are wound on red Amidon 
cores. I used T-80-2, 1 inch (25.4 mm) in diameter, 
because they were available. The 68-2 will also be 
correct - anything to resonate at 80 meters. It takes 
about forty-five turns of no. 26 (0.51-mm) wire using 
a 100-pF variable for tuning. I used a 50-pF and pad- 
ded it for resonance at rnid-capacitor position. Reso- 
nance can be checked using a grid-dip oscillator with 
a loop around its coil and one around the toroid. 

mixer 
A 40673 dual-gate MOSFET was used for the mixer. 

The resistor in gate 1 isn't critical and can be any- 
thing from 6.8k to 100k; however, the lower values 
are better, as overloading is possible with higher 
values. 

I lucked out for a coil in the drain circuit: a small, 
potted, ceramic toroid about 1 inch (25.4 mm) 
square. I found it in a bag of coils sold by Radio 
Shack. It's not listed in their catalog, so it is worth 
looking for in the store. Otherwise, a J.W. Miller 
variable slug coil 4515, a 350 pH to 475 pH inductance 

By Ed Marriner, WGXM, 528 Colima Street, La 
Jolla, California 92037 
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with a 220-pF capacitor should work. Another solu- 
tion is to use half of an old 455 kHz i-f transformer. 

crystal filter 
The filter was made with two crystals, one of 455 

kHz and one of 453.5 kHz. This is great for CW with a 
bandwidth of about 1200 Hz. However, a little wider 
spacing could be in order for SSB. The reason for 
these particular crystals is they are inexpensive: 
$2.00 each from the sourceindicated. The J.W. Miller 
Company offers an input and output transformer 
(1725 and 1726) to match crystals for the filter. Note 
that the capacitors in the output of the 1725 trans- 
former are inside the can. You don't need to add 
them; just ground pin 1. 

i-f stage 
Two i-f stages were used, although it might be 

possible to get by with only one as the gain of this re- 
ceiver is pretty' high. I used two stages and reduced 
the gain with the i-f gain control. 

product detector and audio 
Rather than using a passive detector with diodes I 

used a 40673, which has some gain, to drive the first 
audio stage: a 2N2222. The product detector needs 
about 1.5 volts RMS injection voltage. I've had pretty 
good luck with this audio circuit, which delivers 
about 2 watts into a big speaker. Other lower-pow- 
ered chips are available, but I used this circuit, which 
is in most of the commercial sets in use at the moment. 

B FO 
A crystal~controlled BFO could be used, but I've 

had difficulty making crystals oscillate at this fre- 
quency so I used the variable BFO. It's also very use- 
ful for zeroing in SSB signals and changing CW pitch. 
It's very stable, with no pulling. 

VFO 
The VFO tunes 3955-4205 kHz to cover the 80- 

meter band. It will take a little playing around to get it 
right. It's nice if you can borrow a counter or have a 
receiver that will cover this range. I used a National 
XR-50 518-inch (15.9 mm) diameter slug-tuned form 
for the coil. I had some silver wire that was nylon 
covered. It was no. 24 (0.51 1-mm) diameter. Using 
this wire, the VFO was very stable, but locating such 
wire is difficult. (This wire was found at a flea mar- 
ket; enameled wire is the next best choice.) 

The variable capacitors available will determine 
your bandspread: capacitors of 0-50 or 0-100 pF will 
cover the range, or you can use a switch and two sil- 
ver mica padding capacitors, which is what I did to 
cover the 80-meter band in two steps. 

The capacitors I used from gate to ground and the 
coil coupling capacitor also have an effect on the 
tuning. The coupling capacitor has an effect on the 
oscillation and its value sometimes must be reduced. 
However, with the values shown, the VFO worked 
well and produced 1.5 volts rms - enough for mixer 
injection. While many circuits don't show buffers, 
I've found that signals don't pull the oscillator if a 
buffer is used. Thus, the set is more stable. 

construction 
Because of the difficulty in obtaining parts these 

days, it's impossible to specify an exact component 
(see table 1). I search the surplus ads, flea markets, 
and surplus stores. One of the best sources is the flea 
markets that radio clubs sponsor. There I've found all 
my parts. 

This set was made from copper board and black 
drafting tape and dots, then etching. The board was 
mounted onto the chassis using spacers. I cut my 
panels with a hacksaw, with the aluminum held be- 
tween two pieces of angle iron secured in a vice. 
After drilling, I dipped the panel in lye water. Or I let 
the panel set in Lime Away, a grocery store product, 
overnight. 

Sometimes I spray the panel with black crackle 
paint and bake it in the oven at 175F for 15 minutes. 
The finished products look good. The boards can be 
dipped into a tinning solution to make them commer- 
cial-looking . 

Holes for parts are drilled with a number 60 drill. 
There are a lot of little things you can do to make 
your homebrew projects look nice if you so desire. 
Many hams just want them to work, but I like to have 
them look nice, too. 

table 1. Suggested sources for parts. 

J.W. Miller Co. 
19070 Reyes Avenue 
Compton, California 90221 

Low Frequency Crystals (82.00 each): 
John L. Winton 
8062 San Mateo Cr. 
Buena Park, California 90621 

Radio Shack Stores 

Integrated Circuits Unlimited 
7889 Clairemont Mesa Boulevard 
San Diego, California 921 11 

Semiconductor Supermart 
P. 0. Box 3047 
Scottsdale, Arizona 85257 

ham radio 
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QwIitY VHFIUHF Kits at Affordable Prices - 

I a Linear Converters for SSB. CW. FM, etc. 
A fraction of the price of other unlts; no need to 
aonnd WOO - %4001 --- - - - - -  - - -  

a Use with any exciter, works with Input levels as 
low as 1 mW. 

a Use low power tap on exclter or almple resistor 
attenuator pad (instructions included). 

a Link osc wlth RX converter for transcelve. 

XV4 UHF KIT - ONLY $99.95 
28-30 MHz in. 435437 MHz out: 1 W pap. on ssb, up to 
1'hW on CW or FM. Has second oscillator for other 
ranges. Anen. supplied for 1 to 500 mW input, use 
external attenuator for higher levels. 

Extra crystal tor'432-434 MHz range.. .......... 55.95 
XV4 Wlred and tested ....................... .$149.95 

XV2 VHF KIT - ONLY $69.95 
2W pap. output with as little as 1 mW input. Usesimple 
external attenuator. Many freq. ranges evailable. 

MODEL INPUT (MHz) OUTPUT (MHz) 

XV2-1 28-30 50.52 
XV2-2 28-30 220-222 
XV24 28-30 144-146 
XV2-5 28-29 (27-27.4 CB)145-146(1&144.4) 
XV2-7 144-148 50-52 

........................ XV2 Wired and tested $109.95 

XV28 2M ADAPTER KIT - $24.95 
Converts any 2M exciter to provide the 10M signal 
mauired to drive above 220 or 435 MHz units. 

- 
\ 

WEWI COMPLETE TRANSMITTING CONVERTER 
AND PA I N  ATTRACTIVE CABINET 

Far less than the cost of many 1 OW unltml 
Now. the aooular Hamtroniw* Transmittlng Converters 
and heavy duty Linear Power Amplltlers are avallable as 
nnmol~te unlts in attractive. shlelded cablnets wlth BNC ..... - -.... 
mptac les for exciter and antenna connections. Perfect 
setup forversatile terrestial and OSCAR operations! Just 
rlght for phase 31 You save $30 when you buy complete 
unit with cabinet under cost of individual items. Run 
40.45 Watts on VHF or 30-40 Watts on UHF wtth one 
Integrated unit! Call for more details. 

NEW LOW-NOISE DESIGN I AlTRACTlVE WOODGRAIN CASE 

NEW LOW-NOISE DESIGN 
a Less than 2 dB noise figure, 20 dB gain 
a Case only 2 inches square 

Speclly operating frequency when orderlng 

MODEL P30VHF PREAMP, avallable In many verslons 
to cover bands 28-300 MHz. 

MODEL P432 UHF PREAMP, available In verslons to 
cover bands 300650 MHz. 

SrYLE VHF UHF 

I Kit less case $1 2.95 $1 8.95 
Kit with case $18.95 $28.95 
Wired/Tested in Cnw $27.95 $32.95 

RF RANGE OUTPUT RANGE 

More selective 
a Low cross mod 

CA432-2 432-434 
CA432-5 435637 
CA4324 432-438 

Easily mod~fied for other ti and If ranges. 

VHF UHF 

.... T51-30 10 Meter, 2W Kit.. W . 9 5  .... T51-50 6 Meter, 2W Kit.. . W . 9 5  
..... T51-150 2 Meter, 2W Kit.. $61.95 ... T51-220 220 MHz, 2W Kit.. .$61.95 
... T450 450 MHz, 3/4W Kit .S44.95 ... T451 450 MHz, 3 W Kit.. $59.95 

I R75AA. VHF Kit tor monltor or weather ~ t t a l l t e  wrvlce. 
Uses wide L C  fliter. -6OdB at f 30 kHz.. ...... $69.95 

I R75B0 VHF Kit for normal nbhn wrvlm. E q h b n t  to mod 
transc.rs+MBat* 17 kH~+MBatf  25kHz.. .$74.95 

I R75C0 VHF Kit lor repeatersenrlceorhlgh rf densltyarea 
=Bat* 14kH~gOdBf22Wz-100dBmz ....5&0. 95 

I R75W VHF Kltforsplitchannel operation orrepeater in 
high density area. Uses 8-pole crystal filter. -80dB at 

. f9kH~- l00dBat f  15 kHz.% uMrnate re&d.. $99.05 

Use as hear  or class C PA 
For use wfth SSB Xmtq Converters. FM Exc~ters, etc. 

LPN-15 6M, 2M. 220. 15 to 20W.. ......... .$59.95 
................ LPN-30 6M. 2m; 25 to 30W ,889.95 
.............. LPAZ4O 220 MHz: 30 to 40W $1 19.95 
............. I MODEL ................ KIT WlREDand LPA245 6M. 2M; 40 to 45W.. .$119.95 

TESTED LPA4-10 430MHz; 10 to 14W $79.95 AM monitor 'lrnliar lo R75A' but AM' Ava'lable 
................. I I for 10.1 1 M. 6M. 2M. 220 MHz. and 110.130 MHz alrcraft 

XV2lLPA2461CsM 16.2.ar220) $109.95 $349.95 LPA4-30 430MHz; 30-40W 51 19.95 hand ~ 7 d  45 ,l\lan availnhlA in UHF 

More Details? CHECK-OFF Page 98 february 1981 29 



solid-state power for 1296 MHz 
Here's a Class C amplifier 

that delivers 2 watts 
tput power 

In the past few years quite a few construction arti- 
cles describing preamplifiers, converters, filters, and 
test equipment for the 1296-MHz band have been 
published. However, there has been a conspicuous 
lack of articles about transmitters for this band. This 
is a serious omission, because, for reasonable com- 
munications range, a transmitter power of at least a 
watt or two is needed - far more than the milliwatts 
produced by most converters. 

background 
Most of the 1296-MHz transmitter~l~2~3 described 

in the last decade have used surplus microwave 
tubes as the active components in the final stages. 
These planar triode tubes, commonly known as 
"lighthouse" tubes because of their distinctive 
shape, have been available on the surplus market for 
many years. And, although amplifiers built around 
this type of tube are capable of delivering tens or 
even hundreds of watts output, they suffer from at 
least two drawbacks that have limited their popularity. 

First, the tubes are normally'operated in a cavity or 
coaxial type of structure. Fabrication of these types 
of matching networks is not particularly difficult, but 
some machine shop work is generally required. Sec- 
ond, these tubes, usually of the type 2C39 family, are 
becoming somewhat scarce on the surplus market, 
as the original users of the tubes have largely switched 
to diode and transistor devices for medium-power 
amplification at the lower microwave frequencies. 

At the present time, bipolar transistors are com- 
mercially available that are capable of at least 40 
watts of continuous output at one GHz and 20 watts 

at 2 GHz, approximately the same power level to be 
expected from a single 2C39 tube. 

Few Amateurs have built transistor power ampli- 
fiers for the 25-cm ham band, however. This is main- 
ly because microwave transistors have a reputation 
for being expensive, tricky, and easily destroyed4. 
But with recent improvements in technology, rf tran- 
sistors have become not only better but also more 
rugged, while the cost per unit has dropped because 
of the tremendous increase in the volume of produc- 
tion. As a result, transistor amplifiers capable of pro- 
ducing several watts output power are now easily 
within the technical and financial reach of Amateurs. 

This article describes a two-stage amplifier chain 
that will deliver over 2 watts output. The total gain of 
the two units together is at least 30 dB, which means 
that a few milliwatts of drive power from a low-level 
converter or exciter will produce full output. The 
amplifiers are sufficiently broadband to cover the en- 
tire 1250-1300 MHz range, so that oncg tuned up 
they need not be retuned for operating frequency 
changes. 

Construction of these amplifiers is straightforward 
and only hand-tool work is required. They are built 
using a mixture of microstrip line and lumped compo- 
nent techniques on copper-clad boards. Each stage 
is built as a module with 50-ohm input and output to 
simplify testing and to increase flexibility. 

The first stage produces at least 100 milliwatts of 
linear output power. The gain at this power level is 
approximately 17 dB. The next stage provides a mini- 
mum of 2 watts output. It is operated Class C and 
has a gain of 13-14 dB. When the two are cascaded 
together as shown in fig. 1, a Zmilliwatt drive signal 
will produce over 2 watts output. Alternatively, the 
first stage may be used alone as lower-power trans- 
mitter to produce up to 150 milliwatts of saturated 
power. 

By Jerry Hinshaw, NGJH, 4558 Margery Drive, 
Fremont, California 94538 
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fig. 1. Block diagram of the microwave amplifier chain 
showing typical power levels. Total stage gain is at least 
30 dB. Broadband design ensures coverage between 
1250-1300 MHz, so that no retuning is needed for frequen- 
cy changes. 

100-mW stage 
The first stage of the chain is a linear, Class A 

amplifier. As such, it's designed using the small-sig- 
nal, grounded-emitter, s-parameter information pro- 
vided by the manufacturer. 

The transistor used in this stage is a Hewlett- 
Packard 2N6679, also known as the HXTR 2101. 
There are several reasons for selecting this transistor 
in preference over another, even though at approxi- 
mately $22 it isn't the most inexpensive device avail- 
able. This microwave transistor is designed to pro- 
duce moderately high linear output power and is 
therefore fully characterized for this type of opera- 
tion. Second, it has a higher matched gain than most 
less-expensive transistors. This means that one less 
gain stage is needed to amplify a signal up to the 100 
mW level required to drive the output stage. This 
reduction in system complexity more than offsets the 
higher initial cost of this one stage. 

The design of this amplifier follows the approach 
described in detail by Shuch.5 Each input and output 
matching networks consists of a series quarter-wave 
transmission line transformer that matches the real 
part of the transistor input or output impedance. 
Shunt capacitance is used to compensate for the re- 
active portion of the output impedance. The input 
impedance of this transistor is by coincidence nearly 
a pure resistance at this frequency, so that satisfac- 
tory matching is achieved without a shunt capacitor 
at the transistor base. A schematic diagram of this 
amplifier is shown in fig. 2. 

The design is accomplished using s-parameter 
data for 1275 MHz, data which were obtained by 
interpolating the 1 .O- and 1.5-GHZ data provided by 
the manufacturer. Although such a design is, strictly 
speaking, valid for only this one frequency, in prac- 
tice the s-parameters do not vary rapidly for small 
changes in frequency, so the usable range is a band 
several per cent wide centered at 1275 MHz. 

The input impedance of this transistor at 1275 MHz 
is found to be approximately 5.3 ohms. As it is very 
nearly a pure resistance, it can be matched with only 

a quarter wavelength transformer whose characteris- 
tic impedance is 17 ohms. This 17-ohm transformer is 
realized on 1 132 inch (0.8 mm) glass-epoxy board by 
a microstrip line approximately 0.225 inch (5.7 mm) 
wide and 1.14 inches (29.0 mm) long. 

At the transistor collector the impedance is ap- 
proximately 50.6 ohms in series with 110.9 ohms of 
capacitive reactance. The real part of this impedance 
presents a good match to the 50-ohm load as it is, 
without further matching. The reactive part of the 
impedance is tuned with a capacitor located a quar- 
ter wavelength from the transistor. This capacitor 
must have a reactance of 22.5 ohms, corresponding 
to 5.7 picofarads at 1275 MHz. The quarter wave- 
length line itself is 0.056 inch (1.4 mm) wide and 1.15 
inches (29.2 mm) long on this 1132-inch (0.8-mm) 
printed circuit board material. 

Dc power is provided by the constant-current bias 
network shown in the schematic. In an earlier version 
of this amplifier a simpler, passive bias scheme was 
used, but it proved to be a false economy because 
bias instabilities destroyed the HXTR 2101 transistor. 
The present circuit automatically compensates for 
the current gain variations from one transistor to an- 
other and for variations that result from temperature 
changes. Thus it provides for stable, Class A opera- 
tion. Collector current is held at 25 milliamperes while 
the collector-to-emitter voltage (Vce )  of the rf tran- 
sistor is stabilized at approximately 15 volts. 

construction 
The amplifier is built on a piece of double-clad 

Fiberglass epoxy PC board material 1/32 inch (0.8 
mm) thick. One side of the board is left fully clad with 
copper to serve as a ground plane for the microstrip 

0 1 

C7,C8 cenmlc 
C I  l.Opf piston tr1mm.r 
Rl  510ohmslW 
R2 lK  %W 
R2R4 2.7K1hW 
0 1  ZN(M70 
0 2  2NJsos 
21,Zs *Ohm mlcmsrrlp 
25 SOohms, '/,A 
22 17ohm4 % A  
23.24 100 Ohms, % h 

fig. 2. Schematic of the 100-mW driver. Stage operates as 
a Class A amplifier, producing linear output using the 
H-P 2N6679 device (also known as the HXTR-2101). 
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fig. 3. Full-size illustration of the PC board for the 1WmW driver stage. 
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fig. 4. Component placement for the 100-mW stage. 

lines. The other side is etched to form the matching of the transistor are connected to ground by low im- 
and bias circuit mounting areas. A full-scale illustra- pedance paths and at the ground ends of the tuping 
tion of this side of the board is shown in fig. 3. and bypass capacitors. Solder the eyelets to the cop- 

Feedthrough eyelets are mounted in the board at per ground plane on the bottom of the board. 
the positions marked on fig. 4 with an X. These eye- Where component leads will protrude through the 
lets are used to help ensure that the two emitter leads board, the ground plane must be cleared away to 



prevent shorts. This can be done with a small drill. 
Clear away enough copper from around the hole to 
ensure that the component doesn't touch anything 
but Fiberglass. 

Once the fabrication of the board is done, the 
components are installed as shown in fig. 4. The 
2N6679 and the chip capacitors are mounted on the 
top of the board, while the bias circuit components 
are installed on the ground-plane side. Be careful 
when soldering the transistor that solder does not 
flow underneath the package and short out any of 
the leads. The transistor package is very small, and 
the leads come quite close together on the bottom 
side, so that it's easy for even a tiny amount of solder 
to wick along one lead and short to another. Also, 
note that the variable capacitor in the output circuit 
must be mounted right at the output end of the quar- 
ter-wave line for maximum performance. 

The two emitter leads on the 2N6679 are bent at 
right angles to the transistor package so that they will 
fit through the two eyelets to the ground plane side 
of the board to be soldered. It's important that the 
emitter leads be connected to the ground plane by 
low impedance paths if the amplifier is to perform 
properly. To get a low impedance path, the transistor 
package should be mbunted flush with the PC board 
so that the emitter leads are as close as possible to 
the feedthrough eyelets. 

The input and output connections are made with 
small-diameter 50-ohm coaxial cable such as RG-179 
or similar. The coax-cable shield is twisted into a pig- 
tail and run through the hole in the PC board near the 
end of the microstrip matching lines. Then the shield 
is soldered to the ground plane of the circuit board. 
On the etched side of the board, the center conduc- 
tor is soldered to the end of the microstrip trans- 
former. The distance between the end of the coaxial 
shield and the center conductor soldered connection 
should be as short as reasonably possible. A length 
of 0.2 inch (5.1 mm) works well. A jumper wire is run 
between the two points marked with an A in fig. 4. 

The completed board is installed in a small sheet- 
metal chassis box by means of four standoffs. The 
two coaxial cables are run to connectors mounted in 
the box wall and a feedthrough capacitor is used to 
bring in dc power for the amplifier. 

tuning 
Connect the amplifier to a 28-volt power supply 

and check to see that the supply current is approxi- 
mately 30 milliamperes. As a further check of the 
bias, measure the voltage at the 2N6679 collector. It 
should be about 15 volts above ground. 

If you're hesitant about trying out an untested bias 
circuit with your somewhat expensive rf transistor, 

you can first test the circuit by soldering a small-sig- 
nal NPN transistor in place of the 2N6679. The ampli- 
fier won't work at 1250 MHz, of course, but the 
small-signal transistor will duplicate the dc operation 
of the rf transistor. If the bias circuit properly regu- 
lates the collector voltage and current of this "fuse," 
then it is safe to go ahead and install the 2N6679. 

Tuning the amplifier requires a signal source of 
about 1 milliwatt and a power meter or signal detec- 
tor of some sort. Apply dc power and the rf drive sig- 
nal, then tune the output matching capacitor until 
maximum output is seen. If the amplifier is tuned up 
at 1275 MHz, it will cover the range 1250-1300 MHz 
with less than a dB of gain "droop" at the band 
edges. Once the output capacitor is peaked, no other 
adjustments are necessary. 

2-watt stage 
The final stage of this chain is a Class C cornmon- 

base amplifier capable of 2.5 watts output power. 
The transistor used in this stage is the Motorola 
MRF2001, the lowest-power member of a family of 2- 
GHz, common-base power transistors. The 2000 ser- 
ies transistors have been available from several man- 
ufacturers for a number of years and have come to 
be an unofficial standard type of microwave transis- 
tor. They have been used in many military and indus- 
trial designs, but their high cost has kept them out of 
the range of most Amateur experimentation. How- 
ever, in late 1978, Motorola announced a low-cost 
version of this 2000 series designed to penetrate the 
commercial marketplace. 

These transistors are rated for 2-GHz operation, 
and this means that their performance in the 
1250-1300 MHz range can be fairly impressive. It's 
generally difficult to achieve high gain and high 
power output simultaneously, but when the device is 
operated well, below its design frequency these two 
goals can be more easily met. Thus, the MRF2001, 
rated at 1 watt minimum output with 9 dB gain at 2 
GHz, when operated at 1.3 GHz, easily produces 2 
watts with an associated gain of 13-14 dB. The cost 
of these transistors is about $19 each. 

design 
Since this stage is to be operated as a large-signal, 

Class C amplifier, the s-parameter design approach 
used to design linear Class A amplifiers is not appro- 
priate. Instead, matching networks must be designed 
to present to the transistor the impedances that pro- 
duce the best input match while simultaneously giv- 
ing the highest output power. 

This approach is different in several ways from that 
used for small-signal linear amplifiers. In the case of a 
low-level amplifier, the matching networks are 
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chosen to maximize gain, and perhaps to minimize the mean of the two end point resistances, or 
the input and output VSWR. By contrast, in a large- 

Zinput line = Jm) = 33 ohms signal amplifier, only the input circuit is designed to 
provide a low VSWR to maximize the driver power This input circuit is shown in the schematic, fig. 5. 
transferred into the amplifier. This part of the design The required output series impedance is given by 
is not wholly unlike that of the small-signal amplifier. the data sheet as 

At the output of the Class-C stage, however, the 
intent is to provide that matching network which z :~ ,  = 9.6+j23.1 ohms 

maximizes the output power. This requirement usu- 
ally means that output VSWR and overall power gain 
are compromised somewhat in the interest of in- 
creasing output power and efficiency. A detailed dis- 
cussion of this design approach and of the tradeoffs 
involved is provided by Pitzalis.6 

To permit such a design the manufacturer pub- 
lishes typical impedance data for their rf power tran- 
sistors. The input impedance they specify gives a 
good match and hence a good power transfer into 
the transistor. The output impedance they list is that 
into which the transistor delivers maximum power at 
a given drive level. 

As with the 100-milliwatt stage, the fractional 
bandwidth required for the amplifier to cover this 
ham band is small enough so that the design can be 
at a single frequency. This approach is much simpler 
than would be a broadband optimization. 
The data sheet for the MRF2001 lists the eqivalent 
series input impedance at 1250 MHz as 

The best input match will be obtained with a network 
that presents the complex conjugate of this impe- 
dance to the transistor. Thus, we want to design a 
network that will transform the real !%-ohm input 
feedline impedance to 

z~: = 7.6-$0.3 ohms 

where the asterisk indicates the complex conjugate. 
This series input impedance is equivalent to the 

parallel impedance7 

Z: = 21.61 I - j15.9 ohms 

a resistance of 21.6 ohms in parallel with a capacitive 
reactance of 15.9 ohms. 

At 1250 MHz, a capacitor with this reactance has 
the value of 

c = --- I = 8 . 0 p F  
2rf  xc 

If this capacitor is shunted to ground very close to 
the transistor emitter, the result will be a driving im- 
pedance at the emitter of 21.6 ohms, a pure resis- 
tance without a reactive component. 

To transform this pure resistance to the 50-ohm in- 
put impedance, we can use a quarter-wave micro- 
strip transformer whose characteristic impedance is 

The real part of this series equivalent impedance can 
be matched with a quarter-wave transformer whose 
characteristic impedance, as before, is given by 

Zoutput line = d m )  = 22 ohms 

The imaginary term can be dealt with by either a 
series inductive reactance at the transistor collector 
or by a shunt capacitive reactance at the transformer 
output. Since it is easier to obtain good, high-Q, vari- 
able capacitors than inductors at high frequency, it's 
better to choose the latter. The reactance required is 

This corresponds to a capacitor of 

A 1-8 pF trimmer capacitor will provide some adjust- 
ment range. The completed output circuit is shown 
in fig. 5. 

The matching circuits are built on 1132-inch (0.8- 
mm) Fiberglass epoxy board material of the type 
known as G-10. The 33-ohm input line is 0.110 inch 
(2.8 mm) wide and 1.14inches (29.0 mm) long. Since 
the transistor emitter tab is wider than this matching 
line, and since a shunt capacitor from the emitter to 
ground is needed, a portion of the required capaci- 
tance is distributed in a short open-ended stub. This 
stub provides about 2.7 pF of the required 8 pF and it 
is wide enough so that the emitter lead can be sol- 
dered over its entire width. 

The 22-ohm output transformer is realized with a 
line 0.190 inch (4.8 mm) wide and 1.11 inches (28.2 
mm) long. The output must have a dc blocking ca- 
pacitor; this should be a microwave chip-type capaci- 
tor. A chip capacitor with a %-mil (1.3-mm) package 
width will fit the 0.056-inch (1.4-mm) 50-ohm output 
line with minimum discontinuities. The variable tun- 
ing capacitor must be mounted right at the end of the 
22-ohm transformer. 

Bias voltages are applied to the transistor through 
two high-impedance quarter-wave lines bypassed to 
ground at the end away from the matching net- 
works. Since the input is grounded, no dc blocking 
capacitor is required. At the output, the supply end 
of the bias line is bypassed to ground with a chip ca- 

34 m february 1981 



pacitor in parallel with a higher capacitance ceramic 
capacitor. The chip capacitor provides effective de- 
coupling at microwave frequencies, while the larger 
capacitor maintains a low-impedance path to ground 
down to low frequency. 

construction 
The construction of this 2-watt stage is compli- 

cated somewhat by the fact that both thermal and rf 
factors must be considered. Good rf circuit tech- 
niques are needed so that the potential performance 
of the amplifier can be achieved, while at the same 
time the transistor must have a good path for heat 
transfer, or the heat generated might destroy the 

transistor or shorten its life. For this reason, the tran- 
sistor package is designed so it can be mounted to a 
heat sink. If this is properly done, the transistor junc- 
tion temperature can be kept low enough so that no 
damage or degradation will occur. 

C%C4 tOOpF shlp 

thermal considerations 
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Heat is a major enemy of power transistors. The 
temperature of the transistor die or chip inside the 
package is the critical factor. For a silicon transistor, 
the maximum allowable junction temperature is usu- 
ally specified as 392 F (200 C). However, it is very de- 
sirable to operate it at a lower temperature than this, 
since, as a rule of thumb, the transistor lifetime dou- 
bles for every 18 F temperature reduction.* If the 
junction temperature is kept below 302 F (150 C), the 
average time to failure for a gold-metalized tran- 
sistor, such as the MRF2001, is measured in dec- 
ades. Since in Amateur applications a transmitter is 
used only intermittently, a transistor transmitter op- 
erated below this temperature should easily outlive 
its creator. 

The data sheet for the MRF2001 states that the 
thermal resistance, measured from the transistor 
junction to the mounting flange of the package, is 45 
F per watt of dissipation. If the amplifier has an effi- 
ciency* of 50 per cent, then, when it is producing 2.5 
watts of rf output, it will also be generating 2.5 watts 
of heat. This waste heat must be carried away from 
the die. In this instance the transistor junction will be 
approximately 2.5 x 45 F = 112.5 F hotter than the 
case of the package. If the case itself is held at a 
temperature of 122 F (50 C), for example, the junc- 
tion temperature will be a fully acceptable 243.5 F 
(117.5 C). 

To keep the transistor's case below this target 
temperature of 122 F (50 CI, it must be coupled to a 
cool heat sink with a connection of low thermal resis- 
tance. At this power level, if the transistor flange is 
bolted to a small finned aluminum heat sink the tran- 
sistor case temperature will remain well below 122 F 
(50 C )  when the heat sink is located in a normal room 
temperature environment. 

I1 
R F  

C I  INPUT 

fig. 5. Schematic of the 2-watt amplifier. Simple stripline 
construction makes for eary assembly. Separate input 
and output stages are shown, which require two boards. 

rc4i 

01  
assembly 
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Because of the flange mounting transistor, the 
matching circuit is mounted on two separate circuit 
boards, one for the input and one for the output. The 
board material is 1/32 inch (0.8 mm) thick type G-10 
Fiberglass epoxy double clad with copper. Full-scale 
illustrations of the boards are shown together in fig. 
6. The other side of the board is left unetched to 
serve as a groundplane for the microstrip lines. After 
etching, the boards are separated along the marked 
edges. Components are mounted on the boards as 
indicated in fig. 7. 

The transistor is bolted directly to a small alumi- 
num heatsink, which is approximately 1.2 by 4 inches 
(3 by 10 cm) in size. The heat sink is located on the 
outside of the chassis box with the transistor mount- 
ed on it and projecting through the wall of the box in 
a hole cut with a l-inch (2.5cm) chassis punch. 

The boards for the input and output circuits are in- 
side the chassis box and are attached to the heat sink 
with machine screws that run through the box wall. 
The distance from the bottom of the transistor case 
up to the bottom of its stripline leads is 0.12 inch (3.0 
mm). This distance is taken up by the box wall, 
which is about 0.05 inch (1.2 mm) thick, by the cir- 
cuit board thickness of 0.031 inch (0.8 mm), and by a 
spacer, which is a small piece of the same type of cir- 
cuit board. Thus the total height is about 0.11 inch 
(2.8 mm), so that the circuit board traces fit snugly 

'Efficiency of rf power semiconductors has been defined in many ways. 
Here it is taken to be the ratio of the rf output power to the dc collector in- 
put power x 100 per cent. 
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beneath the transistor leads, ready for soldering. A 
cross-sectional view of this construction method is 
shown in fig. 8. Device outlines are shown in fig. 9. 

tuning 
One of the more challenging problems facing any- 

one who tries to tune Amateur microwave equip- 
ment is to devise test and tune-up procedures that 
are effective but don't require the use of elaborate 

test gear, not available to most hams. For instance, if 
you have access to a microwave rf sweeping signal 
generator, a spectrum analyzer and a calibrated 
power meter, you'll not have any difficulty in tuning 
this amplifier chain for peak performance. Unfortu- 
nately, few of the ham shacks I've visited have been 
quite so well equipped. 

When I first tuned up these two units, I made use 
of a spectrum analyzer and power meter to tune and 

1-2.500- 

fig. 6. Full-size PC board illustration for the 2-watt ampllfler. After etchlng, the two boards are sep- 
arated along the marked edges as shown. 
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flg. 7. Component placement for the 2-watt amplMer. Sea text for correct assembly. 
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to verify that each stage was operating correctly and 
had clean, spurious-free outputs. Then I detuned 
them and retuned each at a single frequency using 
only the power meter, to show maximum signal. 

This simplified method worked surprisingly well. 
Each amplifier had a single peak in output power, a 
fact that makes tuning with no spectral display easy 
and not misleading. When the amplifiers are peaked 
in this way, their bandwidths are wide enough to 
cover the band and nearly as flat in amplitude re- 
sponse as when they had been tuned with a swept 
signal source. 

To tune up the 2-watt stage using the "no-equip- 
ment" approach, you need a signal source that will 
give a 100-milliwatt output at 1275 MHz, or else at 

NOTES' 
I .  SPACER IS  OUTSIDE BOX SO THAT PCB 

IS  FLUSH WITH BOX BOTTOM. 
2. SCREW THROUOTH PCB TO HEATSINK 

HELPS GROUND PATH. 
0 IPS_+O 00."(3,0 Imml 
TAB TO I iEATSINKI 

o 031" (0  79mml 

0 0Ss" f I  4mmJ 

0 O3I"fO 79mml 

fig. 8. Cutaway view showing transistor mounting detail. 

the operating frequency if you prefer to optimize per- 
formance there. The first stage driven with a 2-milli- 
watt signal will serve as a driver, of course. To indi- 
cate power, a receiver with a signal-level meter, an rf 
power meter, an rf millivoltmeter, or a crystal detec- 
tor may be used. 

The output from the final stage should not be fed 
directly into most types of signal indicators, though, 
because the power level expected would probably 
damage them. The signal must be reduced to a level 
that the power meter can safely handle. 

One way to do this is to use a directional coupler as 
shown in fig. 10. The amplifier signal is sent through 
the directional coupler, and a low-level sample of the 
signal appears at the coupled port. 

Alternatively, the output signal can be attenuated 
with a resistive network as in fig. 11. A suitable at- 
tenuator pad can be built to do this. It is a pi-section 
attenuator with a loss of 20 dB, so that the output of 
the Class C final stage is reduced in passing through 
it to a level of about 20 milliwatts. If this is still too 
much power for your detector, two attenuators can 
be placed in series. 

The attenuator pad can be built using 1/2-watt, 5 
per cent carbon composition resistors by following 
the schematic shown in fig. 12. The 1/2-watt resis- 
tors are used because, although 2-watt-rated resis- 
tors would be better able to stand the heat generated 
by the amplifier output, their physical size leads to 
excessive reactance at high frequency. 

I realize that any microwave engineer would cringe 
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fig. 10. Tuning setup with directional coupler. 

at the thought of using such a pi-attenuator at 1300 
MHz. However, even though this attenuator is a bit 
crude, if it's built on a small piece of copper-clad 
board with the shortest possible lead lengths, it can 
give an acceptably low VSWR. 

This attenuator won't stand 2 watts of rf input for 
long, so tune rapidly and give the resistors a chance 
to cool down often. Remember that once heated 
above a certain point, the resistors will not return to 
the same resistance they had when new. This will 
change network attenuation and could lead to errors 
in tuning. 

Once you have the setup together, the hardest 
part of the task of tuning is done. All that remains is 

1 0 0 m  W 
ORlVE AMPLIFIER 

ATTENUATOR 
2 0  OR 4 0 d e  

fig. 11. Tuning setup using an attenuator. 

to apply the drive signal and peak the two variable 
capacitors for maximum power output. It's best to 
go back and forth between the two capacitors a few 
times; their adjustments do interact a bit. 

Fig. 13 shows the final result of this method of 
tuning. It shows the output of the cascaded system 
when the input signal is held at a constant 2 milli- 
watts and swept in frequency from 1250 to 1300 
MHz. The output is greater than 2 watts across the 
band and is nearly 3 watts at the center point. 

The final amplifier stage draws about 165 milliamps 
at 28 volts when producing 2.3 watts output. This in- 
dicates that it's operating at approximately 50 per 
cent efficiency. No attempt was made to tune for 
better efficiency, although this can often be done. 

conclusions 
The amplifiers described here are stable, fairly in- 

expensive, and simple to reproduce. Second stage 

RESISTORS - 112 W .  5 %  CARBON 
COMPOSlTlON 

fig. 12. Schematic of the 20-dB pi network attenuator. 

- 

output power is sufficient to provide solid horizon 
coverage for voice communication when used with 
only a moderate gain antenna. The flexibility of the 
modular construction means the amplifiers can be 
adapted to a range of uses. 

The final stage was biased as a Class C amplifier 
for use in an fm system. In SSB or ATV service, how- 
ever, a more linear amplifier is needed. It is likely, as 
the manufacturer suggests, that the transistor could 
be operated in Class 0,  although I have not tried this. 
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ham radio 

Diana to EME in 20 years 
Sharp-eared newcomers to the Ama- 
teur bands may occasionally hear 
operators talking about EME sched- 
ules. A recent issue of QST magazine 
listed the scores earned by stations 
engaging in an EME contest. How did 
it all get started? 

For years man has dreamed of 
reaching the moon. Jules Verne 
wrote about it. In 1930, a well-known 
inventor and science writer told how 
it would be possible to use the moon 

as a reflector to bounce very short 
radio waves around the earth (fig. 1). 
But nobody had attempted the task; 
it was an idle dream. No one was 
even sure that radio waves would 
penetrate the ionosphere and reach 
the moon. Perhaps one day this fan- 
ciful idea would take root. 

While others dreamed, John 
DeWitt, Jr., W4ERI, decided to act. 
A Radio Amateur and avid astrono- 
mer, John had combined his hobbies 
while still in high school, and while a 

fig. 1. A 1930 issue of 
Short Wave Craft maga- 
zine featured transmis- 
sion by moon reflection. 
A later issue. discussed 
the subject in depth, and 
noted it was impractical 
because of the high pow- 
er needed to overcome 
path loss. But, the intent 
was feasible - the arti- 
cle was just ahead of its 

young student in Nashville, Tennes- 
see, he had constructed vhf receiving 
equipment sensitive enough so that 
he could hear radio noise from the 
Milky Way - noise which Karl Jan- 
sky had discovered a few years 
earlier. 

Finally, in 1940, young DeWitt as- 
sembled an 80-watt transmitter, a 
high-gain antenna, and a sensitive 
receiver and attempted to send a sig- 
nal from his transmitter to the moon 
and back. The experiment was a 
failure and John set about to deter- 
mine the cause of his problems. He 
finally understood that more power, 
bigger and better antennas and a 
more sensitive receiver were the keys 
to success. 

The onset of World War II brought 
all of W4ERl's plans to a stop. Ama- 
teur Radio was closed down for the 
duration. But, as John assumed mili- 
tary service, the idea remained plant- 
ed in the back of his memory. By then 
a recognized authority in broadcast- 
ing, John rose rapidly in the expand- 
ing field of military communications, 
and by 1944 had risen to the rank of 
lieutenant colonel and was in charge 
of the Army's Evans Signal Labora- 
tory at Belmar, New Jersey. 

The highly classified work of the 
laboratory drew to a close in August, 
1945, with the abrupt end of the war. 
DeWitt's important jobs quickly evap- 
orated, but he did not have sufficient 
discharge points to return to civilian 
life. He fretted under the boredom 
and inaction. 



project Diana 

While John bided his time, the 
Pentagon had a vital question at 
hand, brought about by the V-2 roc- 
ket attacks on London during the 
war. Was there a way an enemy 
could direct a rocket attack on the 
United States using radio-controlled 

work and that reflected signals could 
be detected from the moon - but 
nobody was sure it could be done. 

No matter. DeWitt forged ahead, 
and by January, 1946, he was ready 
for on-the-air tests. Preliminary tests 
in December had been inconclusive 
but he felt that his team was on the 
verge of success. 

The elaborate 432-MHz 
moonbounce antenna 
a r r a y  o f  Z E 5 J J  i n  
Rhodesia boasts 128 ele- 
ments and can track the 
moon automatically. 
Peter has since con- 
structed a parabolic 
reflector using aluminum 
angle stock and wire 
screening. It has been 
very successful. 

rockets? Could radio and radar sig- On the morning of January 10, 
nals actually penetrate the iono- 1946, DeWitt and his staff fired up 
sphere, or not? Perhaps DeWitt and the "moonbounce" transmitter. The 
his remaining laboratory staff could cumbersome antenna was aimed at 
provide the answer. the moon, and one-second pulses 

Once given the go-ahead, John as- were sent out every four seconds. 
sembled his staff and went to work. Finally, after an agonizing wait, they 
Among the group were radio ama- 
teurs E.K. Stodola, W31YF, Frank 
Elacker, ex-W2DMD, and Harry 
Kauffman, W20QU (who would be 
the first to hear a returned echo from 
the moon). 

The t ransmi t ter  was an o ld  
SCR-271 radar set, much modified, 
which provided 4-kW output on 11 1.5 
MHz. By combining two radar anten- 
nas, DeWitt created an array of sixty- 
four elements and directors which 
provided a power gain of nearly 22 
dB. His crew built a special super- 
heterodyne receiver of very narrow 
bandwidth and high sensitivity. All of 
this, everyday equipment now, was 
state-of-the-art in 1945. 

DeWitt and his crew had to design 
very special test equipment to make 
sure their exotic moon-bounce sta- 
tion was performing properly. Calcu- 
lations showed the project would 

heard the first echo return on a loud- 
speaker and saw the returned signal 
on an oscilloscope connected to the 
receiver. For the first time, man had 
touched the moon with an electronic 
signal and the moon had answered 
back. 

Project Diana was a success and 
fired the imagination of the public in a 
manner which'may seem surprising in 
today's more technically sophisticat- 
ed atmosphere. Soon the U.S. Navy 
had a microwave moonbounce link 
from Annapolis to Pearl Harbor. and, 
very shortly, Amateur moonbounce 
(EME) circuits would come into being. 

amateur moonbounce 
experiments 

It was not until July, 1960, that the 
first two-way Amateur moon-bounce 
contact was recorded.' It happened 
on the 1296-MHz Amateur band 
between W6HB (The Eimac Radio 
Club) and W1BU (The Rhodedendron 
Swamp VHF Society). Hank Brown, 
WGHB, and Sam Harris, WlBU, and 
their crews worked for weeks getting 
the equipment ready to go, and final- 
ly made contact. Moonbounce com- 
munications, using Amateur power 
levels, was proven possible and it 
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fig. 2. The Earth-Moon-Earth radlo circuit. This illustration shows the great obsta- 
cles which would seem t o  make detection of moon-reflected signals highly 
Improbable. The path to the moon and back is about half a million miles and the 
moon reflects only about 7 per cent of the radlo energy striking it. The reflected 
energy is diffused all over the heavens and only a small portion of the energy 
which left the radio transmitter is reflected back t o  earth. Finally, the largest vhf 
receiving antenna is only a fractlon of the earth's pickup area facing the moon. In 
spite of these staggering difficulties, the earth-moon-earth radio circuit can be 
made to work with equipment well within the capabilities of many vhf-minded 
radio Amateurs (drawing courtesy of Radio Publications, inc. ). 



now remained only to see if other 
enterprising Amateurs would follow 
the lead established by these two 
radio clubs. 

Interest grew slowly (possibly be- 
cause the experiments had been done 
in a little-used and relatively unknown 
ham band), and it was not until 1964 
that Amateur interest in EME commu- 
nications was awakened with a jolt 
when Bill Conkel, WGDNG, ran 2- 
meter schedules via the moon with 
Lenna Suomienen, OHINL, of Fin- 
land. Here was real moonbounce 
with everyday Amateur vhf equip- 
ment. 

Since those early years, EME inter- 
est has grown until today hundreds of 
Radio Amateurs maintain schedules 
and experimental contacts via the 
moon on 144,220, and 432-MHz.2 At 
last, EME has come of age. 

the EME path 
What kind of equipment and an- 

tennas does it take to establish a 
moonbounce station? Who can be 
worked? Does all the work have to be 
done at night? 

The moon is about 2160 miles in 
diameter and orbits the earth at a dis- 
tance that varies from 221,463 to 
252,710 miles. An orbit takes about 
twenty-eight days and is somewhat 
eccentric, so that the moon travels 
across a different segment of sky 
each night of the lunar month. And, 
although the moon looks quite large 
when it is full, it subtends an arc of 
only about 0.5 degree when seen 
from the earth (fig. 2). Even the high- 
est gain Amateur vhf antenna has a 

beam width much greater than this, 
consequently only a small portion of 
the signal aimed at the moon actually 
strikes it; the rest passes out into 
limitless space. Furthermore, an esti- 
mated 93 per cent of the signal that 
does strike the moon is absorbed. 
Also, as our astronauts verified, the 
moon surface is exceedingly rough; 
thus the 7 per cent of the reflected 
energy is diffused all over space. 

Viewed from the moon, the earth 
subtends an arc of about 2 degrees, 
and the vhf signal that returns to 
earth is spread over half the earth's 
surface, or an area o f  about 
98,470,000 square miles. Clearly, only 
a small fraction of the transmitted 
energy ever reaches the eager ears of 
the moonbounce listener. 

fig. 4. Moonbounce 
Nomograph provides TOTAL 

ANTENNA OAINdB 
guideline to successful 

EME distance 
path miles 50 MHz 144 MHz 432 MHz 1298 MHz 2400 MHz 
loss (km) (dB) (dB) (dB) (dB) (dB) 

Perigee 221,463 177.89 187.08 196.62 206.17 211 a 4 3  
(356,334) 

A~~~~~ 252,710 179.03 188.21 197.76 207.21 212.56 
1406,610) 

fig. 3. Free-space path loss for earth-moon-earth circuit at perigee (221.463 miles) 
and apogee (252,710 miles). The nominal 1.14 decibel difference in signal loss 
between moon perigee and apogee becomes 2.28 decibels for the round trip to the 
moon and back. 
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Because radio signals travelling 
through space are attenuated at the 
square of the ratio of the frequency, 
the path loss to the moon and back is 
8.3 times (9 dB) greater on 144 MHz 
than on 50 MHz. A similar increase in 
loss occurs between 144 MHz and the 
420-MHz band, and between the 420 
and the 1250-MHz band (fig. 3). In 
addition, transmitter efficiency and 
receiver noise-figure both tend to  
become worse with increasing fre- 
quency. Thus, there are compelling 
reasons to use as low an operating 
frequency as possible for EME work. 

On the other hand, the power gain 
of a beam antenna of a given size 
increases by the same ratio that the 
path loss increases and, because the 
antenna gain is realized in both trans- 
mission and reception, there is a net 
circuit signal gain with increase in fre- 
quency, even after deducting the in- 
creased circuit losses. 

The various factors point to the use 
of the 144 MHz and 430 MHz Ama- 
teur bands for EME operation: good 
equipment is available, antenna size 
is not too great, and there's enough 
international activity on these bands 
to make the investment in time and 
effort worthwhile. On 2 meters, the 

moonbounce experi- 
menters. At 144 MHz, for example, for an average signal-to-noise ratio of 
zero decibels, a total antenna gain (for both ends of the path) is about 42 
decibels. Two 22 decibel gain antennas should do the job. 

WOO+ 
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portion of the band between 144.00 
and 144.10 MHz is an international 
segment, and it is in this region that a 
great deal of serious moonbounce 
activity takes place. 

how much power? 
how big an antenna? 

Fig. 4 provides a guideline to suc- 
cessful moonbounce communica- 
tions. The scale at the right-hand side 
of the nomograph labeled Total An- 
tenna Gain shows, for example, that 
if two stations having a combined 
antenna gain of about 43 dB and are 
satisfied with an average signal-to- 
noise ratio of zero dB, they can 
achieve two-way communications. 

This graph is based upon a trans- 
mitter power output of 590 watts, a 
zero-dB noise figure, and a receiver 
bandwidth of 100 Hz. I'm sure that no 
moonbounce station fits these eso- 
teric requirements, but hundreds of 
them come close, and some may sur- 
pass these figures. This is how it is 
done in the real world. 

The Total Antenna Gain scale tells 
us that if one EME station is equipped 
with a 26-dB-gain antenna, the sta- 
tion at the other end of the circuit will 
need only 17 dB antenna gain, all 
other things being equal. The greater 
the antenna gain at one end, the 
smaller the array needs to be at the 
other end. On 2 meters, there are 

many stations equipped with high- 
gain antennas for meteor scatter and 
other forms of long-distance com- 
munication. Long Yagi beam anten- 
nas are available from several manu- 
facturers, and many will provide a 
power gain of 17 dB. Two of them 
properly arranged can provide about 
20 dB power gain. Again, all else be- 
ing equal, a station equipped with a 
20-dB antenna array can theoretically 
contact another station which has an 
antenna array with a power gain of 23 
dB. And, if contacts are made on a 
rising or setting moon, the stations 
can take advantage of ground reflec- 
tion of the signals to pick up an addi- 
tional few dB of signal strength. 

loonbounce for everyone. That is just about possible using the new antenna recently assembled by 
I 

~ushcraft's Chief Engineer, David Olean, K1WHS. Dave's antenna (below) makes it possible for him to  
contact stations with single Boomers and only modest power. Recently, he contacted Dave Redman, 
G41DR, who was using a single Cushcraft 32-19 Boomer and approximately 200 watts at his antenna. I 

Many other hams with single Yagis from Europe and the U.S. have had their first moonbounce contacts 
this year with K1 WHS. 

Dave Olean's new antenna consists of 24 Cushcraft Jr. Boomers model 2148. These Boomers are only 
15 feet (4.6 m) long. The total antenna gain is about 26 dBd including feedline losses. This is more than 
-.lfficient to cover the 450,000 miles (725,000 km) round trip to and from the moon. 
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fig. 5. Moon position from center of U.S may be determined with this chart. The 
altitude of the moon above the horizon and its azimuth change minute by minute 
every day, but they repeat each lunar month. The "Nautical Almanac," or similar 
manuals, predict the moon position far in advance. This graph is plotted for a posi- 
tion of 40° North, with the observer facing south. At time T the moon is due south 
of the observer. At T-1 (one hour before TI, the moon is at point A. Given the date, 
the declination, and the local time that the moon appears due south. the azimuth 
and elevation may be found. Curves for other values of declination can be interpo- 
lated and drawn in between these three curves. (Reference: Lund, "How High the 
Moon", QST July, 19651. 

Today, stations using relatively 
modest antennas and everyday 
equipment are enjoying EME contacts 
on 2 meters. Many vhfers who have 
good antennas and high power are in- 
advertently bouncing their signals off 
the moon without even knowing it. 

I recently spoke on the telephone 
with Dave Olean, KIWHS, who is a 
prominent 2-meter operator and well- 
known moon-bounce enthusiast. 
Dave has an elaborate antenna sys- 
tem, and tells me that he can aim his 
array at the moon and tune around 
144.1 MHz during periods of high ac- 
tivity and hear Amateurs working 
each other. Their antennas are posi- 
tioned so that the moon sweeps 

through the beam and their signals 
are reflected back to earth to the 
waiting ears of K1WHS. Dave 
guesses that there are probably over 
a thousand vhf stations in the United 
States who can work moonbounce 
but don't know they have the 
capability. 

I asked Dave what i t  took to 
become an EME experimenter. He 
told me that if a station had a good 2- 
meter transceiver (such as the TS-700 
Kenwood, or equivalent) a low-noise 
preamplifier, and a good, high-gain 
Yagi on a 75-foot boom, he would 
hear moonbounce signals, provided 
he aimed the antenna at the moon. 
Hearing signals is the first step to 

working stations. 

the nitty-gritty 
The nice thing about moonbounce 

is that you can let the other fellow do 
most of the work. The more antenna 
gain and power the other fellow has, 
the less you need. And there are 
enough serious-minded EME experi- 
menters on the air today that a begin- 
ner can get in the game and talk to 
the big guns without having to make 
a large expenditure of time, money, 
or effort. 

Of course, for the serious experi- 
menter, there's a lot more to it than 
just hearing signals. Most moon- 
bouncers have antennas that can 
track the moon - sometimes auto- 
matically. Computer-oriented Ama- 
teurs have complete tracking pro- 
grams worked out showing the posi- 
tion of the moon a year in advance, 
and have antenna controls that per- 
mit automatic moon tracking. But 
you don't need all of this to get start- 
ed. Many Amateurs have fixed anten- 
nas placed in such a position that the 
moon will sweep through the beam 
during the time the moon is mutually 
visible to operators at both ends of 
the chosen path. A typical moon-po- 
sition chart, such as shown in fig. 5 is 
useful in positioning the antenna. 

Other factors enter the picture, as 
the moonbouncer soon discovers. 
Because the moon moves toward or 
away from the earth at speeds up to 
980 miles per hour, Doppler shift 
changes the frequency of the moon- 
reflected signal. At 144 MHz, the 
Doppler shift can be as large as 427 
Hz. When the moon is rising, the re- 
ceived frequency goes up; when the 
moon is setting the frequency goes 
down. Frequency shift is minimum 
when the moon is perpendicular to 
the observer. 

what does the signal 
sound like? 

It takes a radio signal slightly over 2 
seconds to make the trip to the moon 
and back, so the return echos of your 
transmission can be easily received. 
The best way of testing an EME cir- 
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The po r tab le  moon-  
b o u n c e  s t a t i o n  o f  
KGYNBIKL7 (now N6NB) 
puts Alaska on the map. 
Note that the 2-meter ar- 
ray (left) is composed of 
sixteen Ielement quads. 
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. meters at WAlFFO is 
composed of four Yagis, 
each having 12 elements. 
All of these big antennas 
make it easier for you 
t o  work moonbounce 
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The radio telescope a t  
Stanford University i n  
California is occasionally 
used for  moonbounce 
experiments in  Amateur 
bands. You can really 
hear this 200-foot-diam- 
eter giant when it is on 
the air1 The whole enten- 
na and control building 
rotates on a circular 
metal track. Dominating 
the skyline above Palo 
Alto, California, the dish 
can be seen for miles. 

cuit, in fact, is to listen to the return 
echos of your own transmitter. It is 
quite an eerie feeling to send CW sig- 
nals and hear them bounce back at 
you a short time later. Voice signals 
returning from the moon have a hol- 
low quality about them that is instant- 
ly recognizable to a moonbounce 
enthusiast. 

Plenty of stations are active today. 
A good guess is that there are over 
350 moonbounce stations active, in 
all continents, on the 2-meter and 
432-MHz bands. Many of them main- 
tain schedules with each other, but 
on an active weekend plenty of 
moonbouncers call CQ to  raise 
another moon-bounce enthusiast. 
During an EME contest, or other 
weekend of high vhf activity, there is 
actually QRM among the many 
moonbounce signals. 

The second article in this series will 
carry more specific information about 
moonbounce equipment and activity 
for the 2-meter enthusiast. Suffice to 
say that if you have a high-gain Yagi 
antenna, a low-noise receiver, and 
sufficient know-how to aim your an- 
tenna to the moon, you could be 
hearing moonbounce signals before 
the next issue of this magazine 
reaches you. 

If you want additional information 
about moonbounce; write to me and 
ask for the booklet "Almost Every- 
thing You Want To Know About 
Moonbounce." It is a reprint of im- 
portant magazine articles on the sub- 
ject. Send 30 cents in stamps to 
cover mailing to: William Orr, c/o 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. 

references 
1. The full story of John DeWitt is told in the May. 
1446, issue of OST magazine, and also in the May, 
1980, issue of IEEE Spectrum. The story of the first 
two-way Radio Amateur contact via the moon is told 
in the September, 1960, issueof OST. 
2. Moonbounce contacts have been made on all 
Amateur bands between 50 and 2400 MHz. In addi- 
tion, experimenters at Stanford University in Califor- 
nia made moonbounce experiments in the 10-meter 
band using an array of log periodic antennas 1200 feet 
long and 75 feet wide. 

ham radio 



90 WATT AMPLIFIER: $89.95! 

SPECIAL PACKAGE DEAL FACTORY DIRECT ONLY 
Thars right - 90 watts of linear power for 2 meters class ABI for FM & SSB for only $89.95. 

Also offering a 15 dB gain lkl lne preamp with integrated T/R relay. A $29.95 value, for only 
$20.00 when purchased with the VJ90L Amplifier. 

POWER MEASUREMENT 

'ORDER TODAY TOLL FREE 
(800) 23 1 -9649 
PRICING OFFER EXPIRES MARCH 1,1981 

Each VJ Product component is hand wired and  indlvldually tuned for maxlmum rellabllity 
and  performance. VJ Products are guaranteed to  be free of defects In parts or workmanship 
for I year from the date of purchase. POWER TRANSISTORS ARE EXCLUDED, BUT WARRANTED 

10 ,/ K)R 90 DAYS. Visa accepted. Immediate shipment guaranteed by VJ Products, Inc. 
r--'-------"""---------'--------'- ,.. 1 Please shlp: OVJWL @ $89.95 + $2.00 shlpplng 

I 

1 2 3 4 5 6 7 8 9 1 0  1 OVJWL & Preamp @ $109.95 + $3.50 shlpplng 
I 

POWER INPUT IN WATTS 
I 

I I 
POWER CHART 1 Name Call -. I I street - - - -- 

I 
State 

I 
1 Cltv zip I 
I Send Check, M/O, or Visa # Exp. Date 1 
L,,-------------------------------------A 

SERVING THE ELECTRONICS INDUSTRY SINCE1965 V-J Products, Inc. SO5 E. Shaw Street, Pasadena. Texas 77506 (n3) 477-0(34 

CALL TOLL FREE 
1-800-426.7741 

The Northwest's Largest Ham Store 
WASHINGTON RESIDENTS CALL 1-800-562-6818 

ALASKA RESIDENTS CALL COLLECT 1-206-784-7337 

AEA 
MORSEMATIC 

Dual Microcomputers 
provide many features. 
Approximately 500 
character memory with 
unique "soft-partition- 
ing." 
Morse trainer mode with 
programmable speed-up. 
Beacon mode for VHF 
DX scheduling. 
Automatic serial number 
sequencing. 
For too many features to 
describe; use it and you 
will believe it! 

AEA ISOPOLE 
VHF ANTENNAS 

Finally - a Y d.cou@.d 
superlor perfor- antenna w i t F  

mance at a reasonable cost. 
Raise more repeaters or increase 
your simplex distance! 

144 or'220 MHz bands. 
Achieve maximum attainable 
gain for a twin 518 wavelength 
antenna. 
Patterns independent of 
mounting or feedline length. 
Greater than 9 MHz band - 

width. 
Completely weather protec- 
ted matching network and RF 
connections. 
Easiest to assemble. Mounts 
on standard N master (NOT 
SUPPLIED). 

FLUKE D8001D802 
DIGITAL MULTIMETERS 

Measures AC and DC voltaae and 
current, resistance and diode 
test. Conductance also in- 
cluded in D802. Basic DC 
accuracy 0.5% D800, 0.1% 
3802. Complete with test 
leads, battery and manual. 

Only 
$125 (D800) 
$179 (D802) 

C-COM M I 
Demkm For: AEA, ALLIANCE, ALPHA, AVANTI, BENCHER. BIW, CDE, CUSHCRAFT, DAIWA, DENTRON, 6115-15th NmWm DRAKE, FLUKE, HUSTLER, HYGAIN. ICOM, INLINE, KLM, LARSEN, LUNAR, MFJ, NPC. NYE. ROHN, 

SEATTLE. WA. 98107 SHURE, TEMPO, TELEX, TEN-TEC. VIBROPLEX, YAESU. AND MORE. 

(206) 784-7337 Mon. thru Sat. 9:00 a.m. to 5:30 p.m. 

Prices and specifications subject to change without notice or obligation 
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INI-C 9 Band Ilansceiver + HERCULES Solid -brare KW m e  

TEN-TEC SUPER RIG IS READY. For ~ l y  band. every band 
condltlon. With the latest In solld-atate hf technology. the latest 
In features. To make c o m m u n l c a t l o ~  easier. more rellable - 
auper. 

OMNI-C 
The new model in this famous series. With new coverage and new features 
to make it better than ever! 
All 9 HF Bands. From 160 through 10 meters, including the new 10. 18 
and 24.5 MHz bands. Coverage you can live with-for years and years. 
3-Mode. 2-Range Offset Tunlng. Offset the receiver section or the 
transmitter section or the entire transceiver! In 2 ranges: 2 5 0 0  Hz or 2 4  
kHz. For complete flexibility in fine tuning, a DX work, or net operations. 
Seven Rwponee Curves. Four for SSB, three for CW. With new 
switching to select the standard 2.4 kHz filter, o tional 1.8 kHz SSB filter, 
500 Hz or 250 Hz CW filters, and standard 4& and 150 Hz CW actwe 
audio filters. Up to 16 poles of i-f filtering plus audio filtering to handle any 
situation. 
Built-In Notch Filter and Noise Blanker. Notch is variable from 200 
Hz to 3.5 kHz with a depth of more than 5 0  dB. New noise blanker reduces 
ignition and line noise. Both standard equipment. 
"Hang" AGC. New. smoother operation. 
Super Specs. Optimized sensitivity -a balance between dynamic range 
and sensitivity ( 2  rV on 160 to 0 .3  pV on 10 meters) Greater dynamic 
range better than 90 dB. And a PIN diode switchable 18 dB attenuator. 
200 watts input on all bands! 100% duty cycle on all bands for up to 2 0  
minutes. 
Super Convenlent. Built-In VOX with 3 u front controls. Built-In P77 
control at front and rear jacks. Built-In zero-;;at switch puts you on exact 
frequen Built-In Adjustable Sidetone with variable pitch and level. 
~ d j u s t a g  ALC for full control from low power to full output. 2-Speed 
Break-In, fast or slow speeds to fit operating conditions. Built-In Speaker 
eliminates desk clutter. Automatic Sideband Selection-reversible. 
Super Deslgn. All Solid-State and Broadbonded-from the pioneer, 
ren-Tec, Modular plug-in circuit boards. Functional Styling with convenient 
controls. full shielding, easy-to-use size (5%"h x 1 4 % " ~  x 1 4 d ) .  
Super Hercules Companion. Styled to match, plus separate receiving 
antenna capability. plus transceiver front panel control of linear's 
bandswitching (one knob does it all). 
Full Accessory Llne including filters, remote VFO, power suppbes. 
keyers, microphones, speech processors, antenna tuners-all in matching 
color. 

HERCULES 
Amateur Radio's tirst full break-in solid-state kW linear amplifier. With the 
reliability you'd ex ct from the pioneer in high-power solid-state 
technology- TEN-TEr  
All Solid-State. No tubes. Instead. HERCULES uses two 50CLwatt push-pull 
solid-state ampiifier modules with an output combiner. Super s d d .  
Broadband W l g n .  No knobs, no tuning. From the pioneer. TEN-TEC. For 
fast effortlers chancjng of bands. Super easy. 
Automatic Bandswitching when used with OMNl (the OMM bandswitch 
also controls HERCULES bandnuitching through a motor driven stepping 
nuitch). Super convenwnt 
Full Break-In. HERCULES puts the conwrsation,back into high power CW 
opemtion -you can hear between wery character you send. 
Full Coverage. 160 through 15 meterr plus four " A m '  positions for l@meter 
conversion by owner and future band additions. 
Full Gallon. 1000 watts input on all bands. 600 watts output typical. Built-in 
forced-an cooling. Driving power 50 watts, typical. Adjustable negative ALC 
voltage. 100% duty cyde for SSB voice modubtion; 50% dutv cycle for 
C W / R T n  (keydown time: 5 minutes max.) Continuous camer operation at 
reduced output. 
Full Protection. Slu ,!-ED sMus indimtors continuously monitor operating 
condibons and shut down the amplifier whenever any one exceeds set limih 
(the exciter automatically bypasses the amplifier under amptifier shut-down for 
barefoot operation). The SIX parameters monitored are: 1) overdrive; 2 )  im- 
proper control switch setting. 3) heat sink temp.. 4) S m  5) wewobge/wer-  
cunent 6 )  rf output balanoe. Two meters monltor cotleaor current. voltage, and 
fotward/rwerse power. And a highly effident automutic 6ne vohage correction 
circuit (patent appiied for) eliminates the need for selecting bansformer bps, 
prwenh applying too high a voltage to final amplfier devices, becomes 
operative under low line conditions. 
Super P o w a  Supply. Provides a roximate 45 VDC (6 24 amperes. 
operates on 105/125 VAC or 210& VAC kpp wound hansfamer and 
choke reduce weight (50 Ibs.) and size (7 '4% x 15wi"w x 13Vz"d). Sepamte 
endosure. 
Super Styling. Designed to match OMNI, the HERCULES has the same 
hplght as OMM, plus matching bail and matching colors. The front panel is 
simpiidty in itwlf with huo push-button witches (power and mode) plus two 
knobs (meter and bandnvitch), and a "bbck-out" monitor panel (when unit is 
off. meters are unobbusiw). Amplifier size is 5%" x 1 6 w  x 15%"d 
Model 444. HERCULES amplffla & pow aupply . . . . $1575. 

Model 546 OMNI-Series C . . . . 51289. 

Expalence SUPER RIG at your TEN-TEC d d a .  or wrlte for full ddalb. 
TEN-TEC , MC. irqr s E V I E R V I L L L ,  T E N N E s S E C  31I62 
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High-quality speakers make a big differ- 
ence. Speaker is a Radio Shack Minimus 7 
(40 watts peak). Included are mounting 
brackets that could be used for under-dash 
mounting. A typical enclosure is shown at 
left. 

better audio 
for 

mobile operation 

Some suggestions 
for improved operating 

in your car 

The concepts described in an earlier ham radio 
article1 resulted in many letters to me. The same 
ideas in ttiat article apply to mobile operation, only 
more so. When working mobile, you have outside 
road noise to contend with as well as ignition and 
other noises. Mobile rigs are now physically smaller; 
therefore the speakers are smaller, and so it goes. 
Regardless of speaker size, the audio systems in 
most of the mobile rigs are deficient. 

When the audio gain control is turned up to over- 
come the various noises, the signal is distorted and 
most aren't loud enough, even if they aren't dis- 
torted. A few sets with small speakers in a small box 
have produced audio like you've never heard; so it is 
possible to get good audio from a small box. 

loudspeakers 
One approach to the mobile audio problem is to 

use a large speaker and mount it in the car headrest 
as shown. Lower volume levels are then needed, and 

this system works well. Use the largest speaker pos- 
sible with a tweeter. 

Another approach is to use a separate, low-level 
input, 12-volt audio amplifier connected to the top of 
the volume control as described in reference 1, with a 
built-in frequency equalizer to emphasize highs. You 
can also use an audio booster in conjunction with 
stereo fm cassette radios. The output of the ham rig 
can be connected in parallel with one channel or, 
preferably, switched with a dpdt switch. You then 
get the needed power gain and frequency-response 
control. Use high-quality, large speakers with mid- 
and high-range tweeters. My booster has a control to 
fade in two speakers in the front of the car. These 
speakers can be mounted under the seat, in the door, 
or in the ceiling headliner. The main stereo speakers 
are at the car rear, but the headrest speakers are 
much closer to your ear. You now will have a wide 
range of combinations, which produce beautiful and 
understandable audio with no distortion and shaped 
to your ears' deficiencies by the equalizer. 

A suggested hookup is shown in fig. 1. I also use 
stereo earphones, parallel connected when used with 
the ham set. The new Sennheiser Model 420 is ideal, 
as it has an open earpiece and therefore doesn't 
block out road noises. These units are lightweight 
and can be used for long periods of time. They can, 
of course, be used with the stereo fm radio. 

tone control 
A welcome addition to any rig is a tone control that 

emphasizes the highs rather than attenuating them. 
The average person's ears are being bombarded with 

- 
By Ken Glanzer, K7GC0, 202 South 124 
Street, Seattle, Washington 96168 
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STEREO JACK IHUSICI 

AODlnONAL SPEAKERS 
WITH TWEETERS 
rN HEAD REST 

OR UNDER SEAT 
fOPT,ONAL I 

MAIN SPEAKERS w l r n  
MID- AND HIGH-RANGE 

TWEETERS IOVAL 
OR ROUND1 

fig. 1. Basic setup for a near-ideal audio system in  your car. Scheme features undistorted audio and plenty of volume for 
mobile operation. 

high levels of noise; the loss of high-frequency re- I 
sponse is occurring at an earlier age. 

I frequently remove the capacitors between the 
base and collector in the final transistor audio stage, 
or any other component that cuts the highs. Or, I 
may alter the values of some components. Many 

Stereo amplifier and frequency equalizer connect direct- 
ly to  speaker output of your ham rig and fil l the car with 
clear, undistorted audio (with proper speaker). You can 
change frequency response for enhanced intelligibility. 

have said, "I can understand what they say on your 
radio." Many Amateurs are not deaf from the stand- 
point of level, but are "tone deaf." They can't hear 

you from outside noise (such as police 

Speakers mounted in the car headrest brings them 
closer to  your ears; less volume is needed. Stereo ear- 
phones, monaurally connected, and wi th open ear 
oieces, are comforteble for long listening periods and 

1. Ken Glanzer, K7GCO. "Better Audio for New or Old Communications 
Receivers," ham radio, April, 1977, page 74. 

ham radio 

the high frequencies. Sometimes, a small tweeter 
can be installed near one ear with good results. 

reference 



"Easy selection':. .l5 memoriesloffset recall, 
scan, priority, DTMF (Touch-Tone"') 
Frequency select~on w~th  the 
TR-I 800 2-meter FM mob~le 
transceiver IS easler than ever 
The rlg incorporates new 
memory developments for 
repeater shlft, prlorlty, and scan. 
and rncludes a bu~lt-~n autopatch 
Touch-Tone' encoder 

15 mult~funct~on memory 
channels, selected with a 

rotary sw~tch MI-MI3 
memorlze frequency and 
offset ( f  600 kHz or s~mplex) 
MI4 memorlze transmlt 
and recelve frequenc~es 
independently for nonstandard 
offset MO prrorlty channel. 
w~th  s~mplex, f 6 0 0  kHz, or 
nonstandard offset . Internal backup for all 
memorles, by lnstalllng four AA 
NlCd batteries (not Kenwood- 

supplled) In battery holder 
Prlor~ty channel (memory "0") 
and pr~or~ l  alert 
Covers 148 900-148 995 MHz. 
rn 5-kHz or 10-kHz steps 
Built-~n autopatch DTMF 
(Touch-Tone") encoder 

- Front-panel keyboard for 
selectrng frequency, transm~t 
offset, and autopatch encoder 
tones, programmlng memorles, 
and controlling scan 

. Automatic scan of ent~re 
band (5-kHz or 10-kHz steps) 
and memorles . Manual scan of band and 
memories, w~th  UPIDOWN 
microphone (standard) 

-- 
m r*".- ... 

Corlipact, hrgh-qualrty rnoblle 
speaker 

blatches all HF. VHF, and UHF 
rad~os for moblle oprrat~on. 
Onl 2 11/16 Inches w~de by 
2-lY2 illches hlgh by 2-118 
Inches deep. 
4-ohm Input Impedance 
Handles 3 watts of audlo 
Mount~ng bracket w~th ferr~te 
magnet. Adhesive-backed 
step1 plate supplled for 
mount~ng v~rtually anywhere. 

Repeater REVERSE sw~tch. 
. Selectable ower output. 

25 W (HI)/! w (LOW). 
LED S/RF bar meter. 
TONE switch to actuate 
subaudlble tone module (not 
Kenwood-suppl~ed), 

OPTIONAL ACCESSORIES: 
UPS-7 flxed-stallon power 
supply. 

to FCC Apo 



TRIO-KENWOOD COMMUNICATIONS INC. 
1111 WEST WALNUT 1 COMPTON. CA 90220 

'mew 2-meter direction?. . compact rig 
with FMISSBICW, scan, five memories 
The TR-9000 comb~nes the 
convenience of FM wlth long 
dlstance SSB and CW It 1s 
extremely compact perfect 
for moblle operat~on Matchlng 
accessories are avsllable for 
opt~mum flxed-statlon operat~on 
7.7 1,- A 8-l l r. n y q  . FM. USB. LSB, and CW 

Only 6-11/16 Inches wlde. 
2-21132 Inches hlgh, 
9-7/32 Inches deep 

Two dlgltal VFOs, w~th select- 
able tunlng steps of 100 Hz. 
5 kHz, and 10 kHz . Dlgltal frequency d~splay F~ve. 
four, or three d~glts, depending 
on selected tun~ng step 
Covers 143 9000- 
148 9999 MHz . Band scan automat~c busy 
stop and free scan . SSBlCW search of selectable 
9 9-kH7 bandwtdth segments 

Flve memorles . . . four for 
slmplex or +600 kHz repeater 
offsets and the flfth for a non- 
standard offset (memorizes 
transmlt and recelve frequency 
~ndependently). . UPIDOWN mlcrophone (stan- 
dard) for manual band scan. . Notse blanker for SSB and CW. . RIT (rece~ver Incremental 
tuning) for SSB and CW . RF galn control 
CW sldetone. 

+ Selectable RF power outputs 
. . . 10 W (Hl) l l  W (LO). - Moblle mount~ng bracket with 
qu~ck-release levers. 
LED ~ndlcators . . . ON AIR. 
BUSY, and VFO. 

OPTIONAL ACCESSORIES: 
PS-20 f~xed-station powcr 
supply. 
SP-120 flxed-stat~on external 
speaker. 
BO-9 System Base.. . wlth 
power swltch. SENDlRECElVE 
swltch (for CW), memory- 
backup power supply, and 
headphone jack. 

"Hand-shack':. . synthesized, big LCD, scan, 
10 memories, DTMF  ouch-Tone') 

CONVENIENT TOP CONTROLS 

The TR-2400 has the most 
convenient o eratlng features 
deslred In a !-meter FM hand- 
held transceiver. 

. Large LCD dlgltal readout 
Readable In d~rect sunllght 
(virtually no current dram) 
and In the dark (lamp sw~tch). 
Shows recelve and transrn~t 
frequencles and memory 
channel. "Arrow" lnd~cators 
show "ON AIR:'"MR" (memory 
recall). "BATT" (battery status). 
and 'LAMP" swltch on 

Keyboard selectlon of 
144.000-147.995 MHz In 
5-kHz Increments. No '5-UP" 
swltch needed. 
UPIDOWN manual scan In 
5-kHz steps from 143.900 to 
148.495 MHz. 
10 memor~es. Retatned wlth 
battery backup. 'MO" memory 
may be used to shlft 
transrn~tter to any frequency 
for nonstandard-spllt repeaters. . Bullt-~n autopatch DTMF 
(Touch-Tone') encoder, ustng 
all 16 keyboard buttons. . Automatic memory scan 

. Repeater or slmplex operation 
Transm~t frequency sh~fts 
+600 kHz or to "MOM memory 
frequency 

. Reverse swltch Transposes 
recelve and transmlt 
frequencles 

- Subtone swltch (tone encoder 
not Kenwood-supplied) 
Two lock swltches to prevent 
acc~dental frequency change 
and accidental transmlsslon 

. External PTT mlcrophone 
and earphone connectors. 
Rubberized antenna w~ th  BNC 
connector. NlCd battery pack. 
AC charger, PTT and mlc 
plugs, handstrap, and 
earphone ~ncluded. 
Extended operating tlme wlth 
LCD and overall low-current 
ctrcult design. Only draws 
about 28 mA squelched 
recelve and 500 mA transmlt 
(at 1.5 W RF output). . Hlgh-~mpact case and ztnc 
dle-cast frame. 

. Compact and llghtwe~ght 
Only 2-13/16 Inches w~de, 
7-9/16 Inches h~gh, and 1-718 
Inches deep. Welghs only 
1.62 pounds (lncludlng 
antenna, battery, and hand 
strap) 

OPTIONAL ACCESSORIES: 
ST-1 Base Stand (provides 
1.5-hour-qulck, trlckle, and 
floatlng charges. 4 -p~n 
mlcro hone connector, and 
SO-2!9 antenna connector). 
BC-5 DC qulck charger 
LH-1 leather case 
BH-l belt hook. 
PB-24 extra NlCd battery pack. 
NEW SMC-24 speakerlmlc 



repeater security 

A combination lock 
using CMOS devices 

The solution was a nonvolatile control. The prob- 
lem was a secure, remote controlled electronic com- 
bination lock for the local repeater; one which would 
not forget if it was turned on or turned off if the 
power should fail momentarily, or if the supply line 
should suddenly become filled with electronic noise. 
With thoughts of security, simplicity, and ultra-low 
power drain in mind, the circuit shown here was 
devised. 

features 
The control, designed to operate in conjunction 

with standard TTL tone decoders, uses a sequence of 
three digits to effect the turn-on function and a dif- 
ferent three digit sequence for turn-off. The digits 
must be applied precisely in the selected sequence to 
achieve the desired function. The turn-on process 
automatically prepares the control to accept the turn- 

off sequence and, similarly, the turn-off process pre- 
pares the control to accept the turn-on sequence. To 
safeguard against the possibility of electronically 
picking the combination lock, provisions were made 
to accept digits unused in either control sequence as 
reset inputs. The entire control uses four ICs, four 
transistors, and ten diodes. 

circuit 
Referring to fig. 1, the combination-lock function 

is accomplished by a series of D flip-flops. UlA, 
UlB, and U2A comprise the turn-on function, and 
U2B, U3A, and U3B comprise the turn-off function. 
Activation of either function is accomplished by 
clocking the flip-flop string in sequence. Beginning 
with U1A (or U2B), each flip-flop enables the suc- 
ceeding one in the string by taking its D input to a 
high logic level. In this manner, U2A cannot be 

1 clocked until U1B has been clocked, which in turn 
cannot be clocked until UIA has been clocked. After 
completion of the turn-on sequence, in the proper 

1 order, the falling edge of U2Afs a output clocks the 

By Steve Cerwin, WA5FRF, 391 1 Pipers Court, 
San Antonio, Texas 78251 
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latch comprised by gates U4C and U4D to its ON 
state. This negative-going pulse also is inverted and 
coupled to the reset inputs of flip-flops U2B, U3A, 
and U3B, which prepares them for the turn-off 
sequence. 

In the ON state, U4C output saturates the triple- 
darlington Q1, 02, and Q3 through a 1 megohm re- 
sistor. The open collector output of Q1 may be used 
to control an external relay. The base lead of Q3 has 
been brought out on the printed-circuit board for the 
possibility of using an external master override for 
either the ON or OFF function. 

The unused digit inputs are connected in OR fash- 
ion to 04  through diodes CR1 through CR8. If any 
one of these inputs is selected, 04  will saturate, tak- 
ing one input of gates U4A and U4B to a logic zero 
level. This will reset both flip-flop strings to their zero 

state, thereby effecting the anti-picking feature by 
neutralizing any accidental progress made by non- 
authorized attempts to operate the control. Assum- 
ing different digits are selected for each sequence in- 
put, the odds against someone happening upon the 
proper combination for either control operation by 
chance are 16x 15x 14 or 3,360 to 1 for a sixteen- 
button pad. The odds may be increased simply by 
adding additional data latches to the string. 

Nonvolatility was achieved by designing the circuit 
for ultra-low power drain. All the ICs are CMOS, and 
the total supply current for all four chips is less than 1 
microamp. The power hog in the unit is the base cur- 
rent required to saturate the triple-darlington. This 
current, 2.9 microamps, is esentially the total supply 
current drain when the control is on. With only the 
onboard 100 pF capacitor across the supply, the con- 

fig. 1. Schematic of the nonvolatile control for repeater security. The odds against someone finding the proper combina- 
tion for control operation by chance are 3,360 to 1 for a lebutton pad. System uses CMOS devices with a total supply cur- 
rent drain of about 3 microamps. 



C O M P L E T E  KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 
COUNTER COMPLETE. HAL-A 7-DIGIT COUNTER WlTH FREQUENCY RANGE OF ZERO 
TO 600 MHz FEATURES TWO INPUTS. ONE FOR LOW FREQUENCY AND ONE FOR HIGH 
FREOUENCY. AUTOMATIC ZERO SUPPRESSION. TlME BASE IS 1 0 SEC OR 1 SEC GATE 
WlTH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY i 001%. UTILIZES 10-MHz 
CRYSTAL 5 PPM. C O M P L E T E  K I T  $129 
H A L - 3 0 0 A  7-DIGIT COUNTER (SIMILAR TO 6WA)  WlTH FREQUENCY RANGE OF O- 

C O M P L E T E  K I T  $108 
H A L . W A  B-DIGIT COUNTER WlTH FREQUENCY RANGE OF ZERO TO 50 MHz OR BETTER 
AUTOMATIC DECIMAL POINT. ZERO SUPPRESSION UPON DEMAND FEATURES TWO IN- 
PUTS ONE FOR LOW FREQUENCY INPUT. AN0 ONE ON PANEL FOR USE WlTH ANY INTER- 
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE 1 0 SEC AND 1 SEC TlME GATES ACCURACY _+ 001% UTILIZES 1O.MHZ 
CRYSTAL 5 PPM C O M P L E T E  K I T  $108 

FREE: HAL-79 CLOCK KIT PLUS AN INLINE RF PROBE WITH PURCHASE OF ANY FRE- 
QUENCY COUNTFR 

PRE-SCALER KlTS 
HAL 5 0 0 P R E .  .... (Pmdrllled G - 1 0  board and a l l  c a p o n e n t s )  ..... $1- 
H A L  300 N P R E .  ........ ( S a m e  a s  a b o v e  but w l t h  p reamp) .  ....... .824.@5 
H A L  8 0 0 P R E . .  ... ( R b d r l l l e d  G - 1 0  b o a r d  a n d  a l l  c o m p o n e n t s ) .  .... $29.95 
H A L  8 0 0  N P R E . .  ....... ( S a m e  a s  a b o v e  bul w i t h  p reamp) .  ........ $39.95 

H,?k~L,Qtf1',PoRPEERASTE?k5P~L~~~~/~i~~~T OUT. 
P R E B U I L T  L T E S T E D  rr0.W 

TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT.COMESWITH2SIOEO.PLATEO THRU AND SOLDER FLOWED 
G-10 PC BOARO. 7-567's. 2.7402. AND ALL ELECTRONIC COMPONENTS. BOARD MEAS- 
URES 3,1/2x 5.112 INCHES. HAS 12  LINES OUT ONLY UB.95 
D E L U X E  1 2 - B U T T O N  T O U C H T O N E  E N C O D E R  K I T  UTILIZING THE N€W ICM 
7206 CHIP. PFlOVlDES BOTH VISUAL AND AUDIO INDICATIONS' COMES WlTH ITS OWN 
TWO-TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2-314" X 3-3/4". COM. 
PLETE WlTH TOUCH.TONE PAD. BOARD. CRYSTAL. CHlP AN0 ALL NECESSARY COMPO. 
NENTS TOFINISH THE KIT. P R I C E D  A T  $29.95 
FOR THOSE WHO WlSH TO MOUNT THE ENCODER IN A HANDHELD UNIT, THE PC BOARO 
MEASURES ONLY 9/16" x 1-3/4". THlS PARTIAL KIT WlTH PC BOARO. CRYSTAL. CHlP 
AND COMPONENTS P R I C E D  A T  $14.95 
A C C U K E V E R  K THlS ACCUKEYER IS A REVISED VERSION OF THE VERY POPULAR 
WB4WF ACCUK!Y2ORIGINALLY DESCRIBED BY JAMES GARRETT. IN OST MAGAZINE 
AND THE 1975 RADIO AMATEUR'S HANOBLWK. $16.95 
A C C U K E Y E R  - M E M O R Y  O P T I O N  K I T  PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE W M W F  ACCUKEYER. WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY 
STANOARDACCUKEYER BOARD WITH LITTLE DIFFICULTY 116.95 

PRE-AMPLIFIER 
HAL.PA.19 W I D E  B A N D  P R E - A M P L I F I E R .  2.200 MHz BANDWIDTH ( - M E  
POINTS). 19  dB GAIN. F U L L Y  A S S E M B L E D  A N D  T E S T E D  83.05 

# CLOCK KIT - H A L  70 F O U R - D l a I T  S P E C I A L  - S7.m 
OPERATES ON 12-VOLT AC (NOT SUPPLIED). PROVISIONS FOR DC AN0 
ALARM OPERATION 

6-DIGIT CLOCK 12/24 HOUR 
COMPLETE KIT CONSISTING OF 2 PC G-10 PRE.DRILLE0 PC BOARDS. 1 CLOCK CHIP, 6 
FNO COMM. CATH READOUTS. 13  TRANS.. 3 CAPS, 9 RESISTORS. 5 DIODES. 3 PUSH- 
BUTTON SWITCHES. POWER TRANSFURMER AND INSTRUCTIONS DON'T BE FOOLED BY 
PARTIAL KlTS WHERE YOU HAVE TO BUY EVERYTHING EXTRA P R I C E D  A T  $12.95 
C L O C K  C A S E  AVAILABLE AN0 WlLL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR 

. . .  PRICE 56.50 BUT ONLY $4.50 WHEN BOUGHT WITH CLOCK. 
SIX.DIQIT A L A R M  C L O C K  K I T  FOR HOME. CAMPER. RV. OR FIELDDAY USE. OPER- 
ATES ON 12-VOLT AC OR OC. AND HAS ITS OWN 6 0 . H ~  TlME BASE ON THE BOARD. COM- 
PLETE WlTH ALL ELECTRONIC COMPONENTS AND TWO-PIECE. PRE-DRILLED PC BOARDS 
BOARO SIZE 4'' x 3" COMPLETE WITH SPEAKER AND SWITCHES. IF OPERATED ON DC. 
THERE IS NOTHING MORE TO BUY P R I C E D  A T  $18.95 
'TWELVE-VOLT AC LINE CORD FOR THOSE WHO WlSH TO OPERATE THE CLOCK FROM 
110.VOLT AC $2.50 
S H I P P I N Q  l N F O R M A n O N  - ORMRS OVER $20.00 WlLL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED. ON ORMRS LESS 
THAN $20 00 PLEASE INCLUDE ADDITIONAL $1.50 FOR HANDLING AN0 MAILING 
CHARGES SENDSASE FOR FREE FLYER. 

DISTRIBUTOR FOR 
Alum Toww AP Product. 

F] (We have the new Hobby-Blox Syakm) 
m m 

H AL-TRONIX 
P. 0. BOX 1101 

H A ~ D  c. NOWLAND !?QUTHGATE, MICH. 48195 
WBZXH PHONE (313) 2851782 
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fig. 2. Single-sided PC board layout for the repeater control. 

fig. 3. PC-board parts placement. 

,s 

fig. 4. Photo of tho c o m p l d  control clrcuk. 

trol will be nonvolatile for several minutes after 
power failure. This time may be extended to hours i f  
a larger capacitor is supplied externally, or it may be 
extended indefinitely if an external battery pack is 
supplied. The control supply bus is isolated from the 
supply line by diode CR10. CR10, a Bamp power rec- 
tifier, was chosen to withstand the charge-up current 
of the large supply bypass capacitor and also pro- 
vides reverse supply protection. Supply voltage must 
be 5 volts if the unit is to be compatible with TTL tone 
decoders. 

A single-sided printed circuit board layout for the 
control is shown in fig. 2. Component placement 
and a photograph of a completed board are in figs.3 
and 4 respectively. To maintain the ultra-low-power 
drain characteristics, the assembled board must be 
kept reasonably clean. 

ham radio 
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transmission=Iine circuit design 

5 0  - 

2 0 -  

0 5 50 75 I00 125 I50 175 

0 / ~ 1 7 @  

fig. 12. Z, versus h / d  for a wire centered between parallel 
planes. 

Using distributed 
resonant circuits 

for VH Flu H F 
transmission lines 

Part 2 of this article, which appeared in the January, 
1981, issue of ham radio, dealt with the geometry of 
the first four of twelve common transmission line 
configurations. In this, part 3 of the article, another 
set of four transmission line configurations will be ex- 
amined: circular wire between planes, parallel wires 
over a plane, circular wire in an open trough, and 
parallel wires between planes/rectangular box. 

Part 4 of this series will deal with the remaining 
four configurations. Part 5, the last in the series, will 
provide a summary of what has been discussed and 
show a design example for a 2-meter amplifier. 

circular wire 
between planes 

d / h < 0  25 

The formulation for the characteristic impedance 
of this line is similar to that for a single wire over a 
parallel plane (reference 4): 

56 february 1981 

where Zo = line impedance (ohms) 
E~ = dielectric constant 
h = distance between planes 
d = wire diameter centered between planes 

Fig. 12 shows Zo versus h / d  for a reasonable range 

By H.M. Meyer, Jr., WGGGV, 29330 Whitley 
138 4h zo = -logla - ; d / h < o . 7 5  (25) Collins Drive, Rancho Palos Verdes, California 
& rd 90274 



table 20. HP-67/97 program for calculating Z, and h/d for a table 22. HP-67/97 program control for calculating Z, and 
wire centered between parallel planes. h/d for a wire centered between parallel planes. 

enter 6 ,  press A 
calculates Z, 

enter h press ENTER 
enter d press B 

calculates h/d Note: If no value for 

enter Z, press C e ,  is entered, program 

calculates 2, assumes c, = I = air. 

enter h/d press D 

step H P-97 HP-97 
key code 

1 *LBLA 21 11 
W ST00 35W 
W3 & 54 
W ST01 3501 

RTN 24 
41916 'LBLB 21 12 
~7 - -24 

*LBL1 21 01 
ST02 3502 

010 4 04 
011 X -35 
012 Pi 16-24 
013 - - 24 
014 LOG 1632 
015 1 01 
016 3 03 
017 8 03 
018 x -35 
019 ST03 3503 
020 'LBL2 2102 
021 RCLl 3601 
022 X = 0 ?  16-43 
023 GSB9 2309 
024 - -24 
025 ST04 3504 
026 RIS 51 
027 *LBLC 2113 
028 ST04 3504 
029 1 01 

k o - - I  
parallel wires i 
over a plane T @  h d < r D .  h e7- 

step HP-97 HP-97 
key code 

030 3 03 
031 8 03 
032 - - 24 
033 ST03 35&3 
034 'LBL3 2103 
035 RCL1 36 01 
036 X = 0 ?  16-43 
037 GSB8 2303 
038 x - 35 
039 1 C  1633 
040 4 04 
041 I - 24 
042 Pi 16-24 
043 x - 35 
044 ST02 3502 
045 RIS 51 
046 'LBLD 21 14 
047 GT01 2201 
048 *LBL9 21 @ 
049 1 01 
6 0  ST01 35 01 
6 1  RCL3 3603 
052 GT02 2202 
053 *LBL8 21 03 
6 4  1 01 
6 5  ST01 35 01 
6 6  RCL3 3603 
057 GT03 2203 
E 8  RIS 51 

The common application of this line is for push-pull 
tank circuits with lines spaced much more closely to 
the ground plane than to the cover. The formulation 
(reference 4 )  is: 

d < < ~ ,  h (26) 
where Zo = line impedance (ohms) 

cT = dielectric constant 
h  = centerline height of wires over plane 
d  = wire diameter 
D  = center-to-center spacing between wires 

For analysis this equation may be reformulated to 

of values. Table 20 is the HP-67/97 program for cal- which permits solution if h / d  and Zo are known, or if 
culating Zo or h / d  or, given L and d  separately, cal- h / D  and Zo are known. 
culating Zo. Table 21 identifies the storage registers; When solving for h / D  when Zo and h/d are 
table 22 shows program control. known, eq. 27 may be rearranged for easy solution 

on the HP-67/97 to 

table 21. Register contents 
for HP-67/97 program for 
calculating Z, and h/d for a 
wire centered between 
parallel planes. 

ST00  e, 

ST0 1 6 
ST02 h/d 
ST03 INTERIM 
ST04 Z, 

Eq. 28 is transposed when solving for h / d  with Zo 
and h / D  known. 

Fig. 13 is a plot of Zo versus h / d  for various values 
of h / D .  Table 23 provides an HP-67/97 program for 
calculating various combinations of knowns and un- 
knowns. Table 24 identifies the storage registers; 
table 25 shows how the program is controlled. 
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table 23. HP-67/97 program for calculating Z ,  h/d, and h/D for two parallel wires over a plane. 

table 24. Register contents 
for HP-67/97 program for 
calculating Z, , h/d, and h/D 
for two parallel wires over a 
plane. 

ST00  e, 
ST01 JS; 
ST0 2 D/h 
ST03 h/D 
ST0 4 h/d 
ST05 INTERIM 
ST06 Z, 

58 february 1981 

step HP-97 HP-97 
key code 

1 'LBLA 21 11 
W ST00 3500 
8)9M 6 54 
M4 ST01 3501 
W RTN 24 
&E 'LBLB 21 12 
m7 R 1 -31 
rn - -24 
W ST02 3502 
010 1/X 52 
01 1 ST03 3503 
012 R 1 - 31 
013 - -24 
014 ST04 3504 
015 'LBL1 2101 
016 RCL3 36@ 
017 2 02 
018 x - 35 
019 X2 53 
020 1 01 
021 + -55 
022 fi 54 
023 RCL4 3504 
024 4 04 
025 x -35 
a 6  x -35 
027 LOG 1632 
028 6 & 

table 25. HP-67/97 program control for calculating Z,, h/d. 
and h/D for two parallel wires over a plane. 

step HP-97 HP-97 
key code 

057 10X 1633 
058 X2 53 
6 9  1 01 
@0 - -45 
061 a 54 
&32 2 02 
063 - -24 
@4 ST03 3503 
@5 RIS 51 
@6 *LBLD 21 14 
7 ST03 3503 
@8 R 1 -31  
@9 ST06 3506 
070 RCL3 3603 
071 2 02 
072 x -35 
073 X2 53 
074 1 01 
075 + -55 
076 fi 54 
077 LOG 1632 
078 ST-5 35-45 6 
079 RCLl 3601 
0 x = @  16-43 
8 1  GSB7 2307 
@2 RCL6 36@ 
a93 x -35 
a94 6 @ 

step HP-97 HP-97 
key code 

029 9 09 
030 x -35 
031 ST05 3 5 6  
032 RCL1 36 01 
033 X=0? 16-43 
034 GSB9 2309 
035 - -24 
036 ST06 35@ 
037 RIS 51 
038 *LBLC 21 13 
&I9 ST04 3504 
040 R 1 -31  
041 ST06 3506 
042 RCL4 3604 
043 4 04 
044 x - 35 
045 LOG 16 32 
046 ST-5 35-45 05 
047 RCL1 36 01 
048 X = 0 ?  16-43 
049 GSB8 2309 
050 RCL6 36 @ 
6 1  x - 35 
052 6 06 
6 3  9 09 
054 -L -24 
055 RCL5 36 05 
6 6  + -55 

calculates &, 
enter c, press A 

calculates Z, 
enter d press ENTER 
enter D press ENTER 
enter h press ENTER Note: If no value for 

press B 
6, is entered, program 

calculates h/D assumes c, = 1 = air. 

enter 2, press ENTER 
enter h/d press C 

calculates h/d 
enter Z, press ENTER 
enter h/D press D 

calculates Z, 
enter h/d press ENTER 
enter h/D  press E 

step HP-97 HP-97 
key code 

095 9 09 
096 + - 24 
097 RCL5 36 05 
4WB + - 55 
a99 10X 16 33 
090 4 04 
091 7 - 24 
092 ST04 35 04 
093 RIS 5 1 
094 *LBLE 21 15 
095 ST03 35 03 
096 R 1 - 31 
097 ST04 3504 
098 GTOl 22 01 
099 *LBL9 21 09 
l @  1 01 
101 ST01 35 01 
102 RCL5 36 & 
1413 RCLl 36 01 
104 RTN 24 
105 'LBL8 21 W 
1& 1 01 
107 ST01 35 B1 
1 8  RTN 24 
109 'LBL7 21 07 
110 1 01 
111 ST01 35 01 
112 RTN 24 
113 RIS 5 1 



I-- w / 2  4- w/2 -4 
circular wire 1 
in open trough I ? '  "r / 

K)  

5 0  

10 

D 
C 
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A common application of this configuration is in rf 
amplifiers, mixers, and local oscillator or multiplier fil- 
ter elements at 100 MHz and above. The generalized 
formulation (reference 4) for a circular wire in an 
open trough is given by: 

- 

- 

- 
- 
- 

- 

138 4 w  tanh 7 

021--um!A O f  0 25 50 75 X)O 125 I50 115 200 225 250 275 

( 1 / 6 , 2 0  

fig. 13. Z, versus h / D  for values of h / d  for two parallel 
wires over a plane. 

where Zo = line impedance (ohms) 
e, = dielectric constant 
d = wire diameter 
h  = centerline height of wire over plane 
w  = width of trough with wire positioned in 

center 

The formulation can be simplified considerably if one 
assumes a square open trough where w  (trough 
width) equals 2h (two times the centerline height of 
the wire over the bottom plane). The resulting formu- 
la for a square open trough is: 

and 
n- tanh - = 1.0 
2 

then (32) 

Fig. 14 shows h/d  versus Zo for eq. 32. Table 26 is 
the HP-67/97 program for calculating Zo and h / d .  
Table 27 shows the registers used. Table 28 shows 
how the program is controlled. 

Table 29 is the HP-67/97 program for calculating 
Zo, h/w,  and w/d  given any two of the unknowns for 
any rectangular configuration, which is the general 
solution of eq. 29. Table 30 indicates the storage 
registers used in the program, and table 31 shows 
how the program is controlled. Fig. 15 is a plot of Zo 
versus w/d  for various values of h/w from eq. 29. 
Note that eq. 29 is solved directly for Zo in table 29. 
If Zo and w / d  are given, h/w is solved by using eqs. 
33, 34, and 35. A similar variant is used if h/w is 
known and w/d  must be calculated. 

recognizing that 

ex - e-X 
tanhx = --- ex+e-" 

and tanh-1 x = 1/2 Rn - [: ':I (35) 

table 26. HP-67/97 program for calculating Z, and h / d  for a 
circular wire in a square trough. 

february 1981 59 

step HP-97 "'eg7 

key code 

1 ' LBLA 21 11 
a ST00 3 5 m  
m3 fi 54 
W ST01 3501 

RTN 24 
W3 'LBLB 21 12 
m7 + -24 
M ST02 3502 
W 'LBL1 21 01 
010 2 02 
011 -62 
012 5 6 
013 4 &I 
014 6 a)6 
915 5 05 
916 x -35 
017 LOG 1632 

step HP-97 H P-97 
key code 

M8 1 01 
019 3 03 
020 8 IDB 
021 x - 35 
022 ST04 35 &I 
023 *LBL2 21 02 
024 RCL1 36 91 
025 X = 0 ?  16-43 
026 GSB9 23 9 
027 - - 24 
028 ST03 35 03 
029 RIS 5 1 
030 *LBLC 21 13 
031 ST03 35 03 
032 1 01 
033 3 03 
034 8 @ 



table 26. HP-67/97 program for calculating Zo and h / d  for a table 28. HP-67/97 program control for calculating Zo and 
circular wire in a square trough (continued). h / d  for a circular wlre In a square trough. 

table 27. Register contents for  HP-67/97 program for 
calculating Z,and h / d  for a circular wire in a square trough. 

HP-97 
step HP-97 

key code 

035 - -24 
036 ST04 3504 
037 'LBL3 2103 
038 RCLl 3601 
039 X = P  16-43 
040 GSB8 2 3 M  
041 x -35 
042 1C 1633 
043 2 02 
044 -62 
045 5 6 
046 4 04 
047 6 86 
048 5 05 
049 - - 24 
050 ST02 35 02 

ST0 2 
ST0 3 
ST0 4 INTERIM 

step 
HP-97 H P-97 
key code 

051 RIS 5 1 
&2 *LBLD 21 14 
6 3  ST02 35 02 
6 4  GTOl 22 01 
&55 *LBL9 21 R 
6 6  1 01 
6 7  ST01 35 01 
&8 RCL4 36 04 
059 GT02 22 02 
860 *LBL8 21 4W 
861 1 01 
862 ST01 35 01 
m3 RCL4 36 04 
M4 GT03 22 03 
865 RIS 5 1 

o/s;T,zc 
105 120 135 IS0 165 100 I85 210 

- 50  

b 

L2 

0 2  - 

0 IS 30 45 60 75 90 105 
CI/"f,7C 

fig. 14. Z ,  and h / d  for a circular wire i n  a square open 
trough. 

enter 6, press A 
calculates 2, 

enter h  
enter d  press B Note: If no value for 

calculates h / d  r ,  is entered, program 

enter 2, press C assumes r ,  = 1 = air. 

calculates 2, 
enter h / d  press D 

table 30. Register contents for HP-67/97 program for 
calculating Z,, h / w ,  and w / d  for a circular wire in a rectan- 
gular trough. 

ST00 c, ST06 e x + e c r  
ST0 1 JE,  
ST02 h / w  ST07 tanh $ 
ST03 w / d  

ST08 INTERIM 
ST04 $ = x  ST09 2, 

STOA INTERIM 
ST05 e x - e - x  ST0 B INTERIM 

table 31. HP-67/97 program control for calculating Z ,  h / w ,  
and w / d  for a circular wlre in a rectangular trough. 

enter e, press A 
calculates 2, 

enter d  press ENTER 
enter h press ENTER 
enter w  press ENTER 

press B 
calculates h / w  Note: If no value for 

enter 2, press ENTER e, is entered, program 

enter w / d  press C assumes e ,  = 1 = air. 

calculates w / d  
enter Z, press ENTER 
enter h / w  press D 

1000 

500 

100 

50 

5 

* ;  5 0  10 

l010 

fl/J;;-120 

fig. 16.2, versus w / d  for various values of h / w  of a circular 
wire in an open rectangular trough. 
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table 29. HP-67/97 program for calculating Z,, h/w,  and w / d  for a circular wire in a rectangular trough 

parallel wires I+.+- 1 
between planes1 T @  eT 
rectangular box i 

step HP-97 HP-97 
key code 

m1 'LBLA 2111 
W ST00 3 5 m  
0@3 f i  54 
W ST01 35 01 
& RTN 24 

'LBLB 21 12 
m7 R1 - 31 
ml - - 24 
M9 ST02 3502 
010 R 1 - 31 
011 - -24 
012 ST03 3503 
013 *LBL1 21 01 
014 RCL2 3602 
015 Pi 16-24 
016 x -35 
017 ST04 3504 
018 ex 33 
019 ST05 3505 
020 RCL4 3 6 U  
021 CHS -22 
022 ex 33 
023 ST+5 35-55& 
024 RCL4 3604 
025 ex 33 
026 ST06 3 5 4  
027 RCL4 36 04 
028 CHS -22 
029 ex 33 
030 ST-6 35-45 &' 
031 RCL6 36& 
032 RCL5 3 6 6  
033 - -24 
034 ST07 35 07 
035 RCL3 3603 
036 x - 35 
037 4 04 
038 x - 35 

This configuration is often used for high-powered, 
push-pull amplifiers. Even though the formulation in 
eq. 36 does not consider the effects of side walls (only 
top and bottom planes), good results can be obtained 
if the lines are centered between the side walls and 
the distance from either wire to the side wall is at 

least greater than h/2 ,  as shown in the sketch. A 
more exact formulation for balanced two-wire lines in 
a rectangular enclosure is given in reference 4 and 
discussed later in this section; however, it requires a 
rather tedious series of calculations. 

The following formulation, also from reference 4, 
is based upon this relationship: 

step 
HP-97 HP-97 
key code 

039 Pi 16-24 
040 - - 24 
041 LOG 1632 
042 1 01 
043 3 03 
044 8 08 
045 x -35 
046 ST08 3508 
7 'LBL1 2101 
048 RCL1 36 01 
049 X=0? 16-43 
6 0  GSB9 2309 
051 x -35 
052 ST09 3509 
053 RIS 51 
6 4  'LBL9 2109 
6 5  1 01 
056 ST01 35 01 
057 RCLB 3 6 m  
6 8  RTN 24 
6 9  'LBLC 21 13 
060 ST03 3503 
4)61 R 1 -31 
M 2  ST09 3509 
4)63 1 01 
064 3 03 
M 5  8 08 
066 7 -24 
M 7  ST08 3503 
W RCL1 3601 
069 X=0? 76-43 
070 GSB9 2309 
071 x -35 
072 1 C  1633 
073 RCL3 3603 
074 1lX 52 
075 x -35 
076 4 04 
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step 
HP-97 HP-97 
key code 

077 - -24 
078 Pi 16-24 
079 x -35 
080 STOA 35 11 
081 1 01 
082 + -55 
083 STOB 3512 
084 RCLA 3611 
035 CHS -22 
086 1 01 
087 + -55 
088 11X 52 
089 RCLB 36 12 
090 x - 35 
091 L N 32 
092 2 02 
093 - -24 
094 Pi 16-24 
095 - -24 
096 ST02 3502 
097 RIS 51 
098 'LBLD 21 14 
099 ST02 3502 
lm R 1 - 31 
101 ST09 3509 
102 1 01 
103 3 &3 
104 8 08 
105 - -24 
l&' ST08 3508 
107 RCL1 3601 
108 x = @  16-43 
109 GSB8 2 3 m  
110 x -35 
111 ST08 35 08 
112 RCL2 3602 
113 Pi 16-24 
114 x -35 

step HP-97 HP-97 
key code 

115 ST04 35 04 
116 ex 33 
117 ST05 35 05 
118 RCL4 3604 
119 CHS - 22 
120 ex 33 
121 ST+5 35-55& 
122 RCL4 36 04 
123 ex 33 
124 ST06 35 @ 
125 RCL4 36 04 
126 CHS - 22 
127 ex 33 
128 ST-6 35-45 @ 
129 RCL6 36 06 
130 RCL5 36 @ 
131 - - 24 
132 LOG 1632 
133 CHS - 22 
134 ST+8 35-55@ 
135 RCL8 36 @ 
136 1 C  1633 
137 4 04 
138 - - 24 
139 Pi 16-24 
140 x - 35 
141 ST03 35 03 
142 RIS 5 1 
143 'LBL8 21 @ 
144 1 01 
145 ST01 35 01 
146 RCL8 36 08 
147 R C L ~  36 01 
148 RTN 24 
149 RIS 51 
150 *LBLE 21 15 
151 ST02 35 @2 
152 R 1 - 31 
153 ST03 35 03 
154 GTOl 22 01 
155 RIS 51 



For those who wish the exact relationship, it is given below from,reference 4; the geometry is in fig. 16. 

where Zo = line impedance (ohms) and rinh (*) 
.cr = dielectric constant U, = (381 

h = spacing between planes with the lines cosh (y) 
centered 

D = centerline distance between the lines sinh (*) 
d = diameter of the lines (lines are assumed v, = 

m?rw 
(39) 

to be of equal diameter) rinh 

table 32. HP-67/97 program for calculating Z,, h/d, and D / h  for two parallel wires between planes/rectangular box. 
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step 
H P-97 HP-97 
key code 

@I1 'LBLA 2111 
@2 ST00 3 5 m  
m3 6 54 
004 S T O ~  3501 
W RTN 24 

'LBLB 21 12 
0 7  R1 - 31  
m9 - - 24 

ST02 3502 
010 R 1 -31  
011 - -24 
012 ST03 3503 
013 "LBL1 2101 
014 4 04 
015 x -35 
016 Pi 16-24 
017 - -24 
018 LOG 1632 
019 ST06 3506 
020 RCL2 3602 
021 Pi 16-24 
022 x -35 
023 2 02 
024 - -24 
025 GSB9 2309 
026 LOG 1632 
027 ST+6 35-55& 
028 RCL6 36& 
029 2 02 
030 7 07 
031 6 & 
a~32 x -35 
033 ST06 35@3 
034 RCLl 36 01 
035 x = n  16-43 
M 6  GSB8 23 03 
t237 - - 24 
038 ST04 3504 

step 
H P-97 HP-97 
key code 

077 - -24 
078 ST06 35& 
079 RCL1 3601 
090 x = n  16-43 
091 GSB8 2309 
032 x -35 
m 3  ST06 3506 
094 RCL3 3603 
095 4 04 
096 x -35 
097 Pi 16-24 
098 - -24 
099 LOG 1632 
090 ST-6 35-4506 
091 RCL6 36 416 
092 X<0? 16-45 
093 GSB6 2306 
094 1 C  1633 
095 'LBL5 21 6 
096 ST07 35 07 
097 GSB7 23 07 
@8 ST02 3502 
099 RIS 51 
1 *LBLE 21 15 
101 ST02 3502 
102 R 1 - 31 
103 ST03 3503 
104 GTOl 2201 
1 6  *LBL9 2109 
l& ST05 3 5 6  
107 ex 33 
109 RCL5 3 6 6  
109 CHS -22 
110 ex 33 
111 + - 55 
112 ST08 35 09 
113 RCL5 36 6 
114 ex 33 

step 
HP-97 HP-97 
key code 

039 RIS 51 
040 ' L B L C  21 13 
041 ST02 3502 
042 R 1 -31 
043 ST04 3504 
044 2 02 
045 7 07 
046 6 & 
047 - -24 
048 ST06 35@3 
049 RCL1 3601 
6 0  X=O? 16-43 
051 GSB8 2309 
6 2  x -35 
6 3  ST06 3 5 B  
6 4  RCL2 3602 
055 Pi 16-24 
056 x -35 
057 2 02 
058 - -24 
059 GSB9 2309 
060 LOG 1632 
061 ST-6 35-45 & 
062 RCL6 36& 
063 1 C  16 33 
064 Pi 16-24 
065 x -35 
066 4 04 
067 + -24 
@8 ST03 3503 
069 RIS 51 
070 *LBLD 21 14 
071 ST03 3503 
072 R 1 -31  
073 S T O ~  3504 
074 2 02 
075 7 07 
076 6 & 

step 
HP-97 H P-97 
key code 

115 RCL5 36 6 
116 CHS - 22 
117 ex 33 
118 - - 45 
119 RCL8 36 09 
120 - - 24 
121 RTN 24 
122 *LBL8 21 09 
123 1 01 
124 ST01 35 01 
125 RCL6 36 & 
126 RCLl 36 01 
127 RTN 24 
128 'LBL7 21 07 
129 1 01 
130 + - 55 
131 1 01 
132 RCL7 36 07 
133 - - 45 
134 - - 24 
135 L N 32 
136 2 02 
137 - - 24 
138 2 02 
139 x - 35 
140 Pi 16-24 
i41 - - 24 
142 ST02 35 02 
143 RTN 24 
144 'LBL6 21 & 
145 CHS - 22 
146 1 C  16 33 
147 1lX 52 
148 GT05 22 6 
149 R/S 5 1 



Note that the open-sided equation (eq. 36) repre- 
sents the maximum value of Zo that can be achieved 
with no side enclosure. The sum of the series in eq. 
37 reduces this value of Zo by the closing-in effect of 
the sides. As a consequence, if eq. 37 and the charts 
and programs provided here are used, a conservative 
design will result, permitting the addition of more ca- 
pacitance than the values calculated, as described in 
a previous section. 

Fig. 17 shows the value of h / d  plotted versus D / h  
for various values of Zo. Table 32 is the HP-67/97 

w =WIDTH 

h =HEIGHT 

0 . SPACING BETWEEN LINES 

d = L I N E  OILIMETER (EQUAL) 

fig. 16. Geometry of balanced parallel lines in rectangular 
enc!osure. 

4 

9 

5 0  1 0 0  5 0 0  1 0 0 0  

h / d  

fig. 17. h / d  versus D / h  for various values of Z, for two par- 
allel wires between planes. 

program for calculating Zo, D / h ,  or h / d  depending 
on which variables are given. Table 33 shows the 
registers used in the program, and table 34 describes 
how the program is controlled. 

A more simplified formulation for eq. 36 is used in 
the program to permit calculation of the desired 
unknowns: 

table 33. Register contents for HP-67/97 program for calcu- 
lating Z,, h / d ,  and D / h  for two parallel wires between 
planes/rectangular box. 

tan - l x  
ST0 3 ST08  INTERIM 
ST0 4 

table 34. HP-67/97 program 'control for calculating Z,, h / d ,  
and D / h  for two parallel wires between plenes/rectangular 
box. 

calculates e, 
enter e, press A 

calculates Z, 
enter d  press ENTER 
enter D press ENTER 
enter h  press ENTER 

press B 
calculates h / d  

enter Z, press ENTER 
enter D / h  press C Note: If no value for 

calculates D / h  e, is entered, program 
enter Z, press ENTER assumese, = 1 = air. 

enter h / d  press D 
calculates Z, 

enter h / d  press ENTER 
enter d / h  press E 

In the next part of this article, part 4, the geometry 
and resonant-circuit design of the following configu- 
rations will be discussed: circular wire in a square 
shield, stripline over a plane, stripline centered 
between parallel planes, and helical resonators. 
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'A real alternative ... 
The Avanti On Glass 
Mobile Antenna.- 
Mounts on glass 
- no holes! 
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through glass. 
Superior performance 
112 wave design. 
Superior radiation full 
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I 
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I 
I 
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tebook 

computer control for 
the KLM antenna rotor 

The most obvious approach to mi- 
croprocessor control of antenna 
rotors does indeed work! In fig. 1 two 
CMOS quad-clocked D latches, U1, 
are connected in parallel to the first 
four least-significant digits of an in- 
putloutput port of a computer. The 
computer enables first one, then the 
other latch, leaving behind an &bit 
word. 

This byte, a number between O- 
255, is converted through the classic 
"R-2R" network to a voltage be- 
tween 0-5 volts. This voltage is com- 

pared with the voltage returning from 
the wiper of the potentiometer in the 
rotor housing. 

The comparators turn on solid- 
state switches, which are connected 
across the clockwise and counter- 
clockwise front-panel switches on the 
rotor control box. 

Thus the antenna will rotate in the 
direction that minimizes the differ- 
ence between the two voltages. 

The two 820k resistors provide a 
deadband so that when the proper 
heading is reached, the rotor will stop 
- not hunt. 

Because the quad comparator, U2, 
loses all resemblance to a comparator 

I I I I I l = = '  
2 0  21 2 2  2 3  2 4  2 5  - U2  MOTOROLA MLM339 OR 

TO COMPUTER 1 / 0  EQUIVALENT 

fig. 1, left: Interface 
circuit for microproc- 
essor control of the 
KLM KR-400 and KR- 
500 antenna rotors. 

fig. 2, below: Sche- 
matic of the solid- 
state switches, con- 
sisting of optically 
coupled triac driver 
and 6-ampere triac 
with heatslnk. 

as the inputs approach the upper rail, 
adjust the 15-turn pot, R, for a com- 
parator input voltage of about 3.5 
volts at full rotation. This voltage cor- 
responds to a byte of 180. Then 
merely have the computer poke down 
to the latches a number between 
0-180, which is one-half the required 
azimuth heading (or twice the re- 
quired elevation). 

The terminal numbers indicated in 
fig. 1 are for the KLM KR-400 and 
KR-500 rotors. Terminal 8 must be 
wired to the common connection of 
the two front-panel direction con- 
trols. Solid-state switches can be 
homebuilt with an opto-triac driver 
and triac, as in fig. 2. 

This interface is very precise - 
four-degree resolution or better at 
most headings. The circuit will read- 
just for sudden wind gusts, voltage 
variations, etc., without complex 
software. The computer needs only 
to enter direction data every minute, 
say, using only a few machine cycles 
then go on to other work. 

I conclude with a report of negative 
results: my first attempt at such an in- 
terface was with the new low-cost 
RCA CA3162E, two &bit magnitude 
cQmparators and four latches. The 
plan was to convert the rotor heading 
to digital information, then compare. 
Aside from problems with the multi- 
plex timing of the 3162, this was a 
wasteful approach. At least ten com- 
parators were at work instead of two! 

C.R. Mac Cluer, W8MQW 

INPUT 
OUTPUT TO CONTROL 

' ROTOR BOX 
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varaCt0r tuning tips non-linearities in the diode function, to-432 MHz tripler from 92 kilohms to 
In tuning power varactor doublers, it seems that it may also be a result of about 12 kilohms. I was pleased to 

triplers, etc., there is often a sharp or the circuit "Q" aggravating diode note that circuit performance was ac- 
sudden discontinuity in the tuning of non-linearities. 1 figured that it might tually improved - tuneup was easier, 
one or more of the tuned circuits; a be possible to lessen the effect by a and there was no appreciable loss of 
condition known as hysteresis. reduction in circuit "0." Accordingly, power output. 

While hysteresis is caused by some I reduced the bias resistor in my 144- Richard N. Coan, N3GN 

woodpecker noise from 0.01 pF to 0.1 IF. The results onds (probably due to a division of 

blanker for the Drake were fair to good. A 10-20 dB over S9 the 50-Hz power line) but differ in 
Woodpecker signal would be cut pulse width and rise time. 

TR-7 transceiver back to S5-6 with no real distortion to The changes are simple and not 
SSB, CW, or RTTY. I called Drake critical. The only problem is that in 

If you have been reading the arti- about the idea, but they have also my service manual, the pictorial 
cles about the "Woodpecker Noise made a change which will be in new didn't show the position of C840. Fig. 
Blanker"' and wished your TR-7 NB7s to be sold soon. Their results 3 shows the area of the schematic 
could do the same to the "Russian were about the same as regards at- where the changes are made, and 
Woodpecker," it can - with just two tenuation of the Woodpecker signal. fig. 4 shows the pictorial of the com- 
component changes. The Drake Drake sent me a copy of their ponentsto bechanged. 
noise blanker for the TR-7 is function- changes and I'll compare it with what I would like to thank WllHN for al- 
ally the same block diagram; the I'vedone. lowing me to use his noise blanker to 
problem is that the one-shot and inte- The noise blanker works best on test this idea. 
grator time constants aren't set up for strong Woodpecker signals (over reference 
the Woodpecker. S7)- I have received three Woodpeck- 1. Ulrich L. Rohde, DJSLR, "Woodpecker Noise 

I increased C831 from 0.001 pF to ers each with its own signature. All Blanker."hamradio, June, 1980, page 18. 

0.01 pF and the one-shot capacitor have the same rate of 100 millisec- John Bird, K1KSY 

C 8 4 0  WAS 0 . 0 l p F  
CHANOE TO O . l y F  
(NOTE: NOT MARKED AS C 8 4 0  

C 8 3 l  WAS 0 . 0 0 1 p F  IN T R 7  SERVICE MANUAL) 
CHANGE TO O.OlyF 

7' 
CHANGE C831 
T O  O .O lpF  

- - c a a ~  
f l ' o .oo l  

U F  

Fig. 3 Fig. 4 
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I900 MHz to 2500 MHz DOWN CONVERTER 
This receiver is tunable over a range of 1900 to 2500 mc and is intended for amateur radio use. The local oscillator is voltage controlled (1.e.) making the 
1-1 range approximately 54 to 88 mc (Channels 2 to 7). 
PC BOARD WITH DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $19.99 
PCBOARDWlTHCHlPCAPAClTORS13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $44.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $69.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY PLUS 2N6603 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89.99 
PC BOARD ASSEMBLED AND TESTED.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $99.99 
PC BOARD WITH ALL PARTS FOR ASSEMBLY, POWER SUPPLY AND ANTENNA.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $159.99 
POWER SUPPLY ASSEMBLED AND TESTED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.99 
YAGl ANTENNA 4'  LONG APPROX. 20 TO 23 dB GAIN.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $59.99 
YAGl ANTENNA 4' WITH TYPE (N, BNC, SMA Connector) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $64.99 
2300 MHz DOWN CONVERTER 

Includes converter mounted in antenna, power supply, plus 90 DAY WARRANTY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $259.99 
OPTION #l MRF902 in front end. (7dB noise figure). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $299.99 
OPTION #22N6603 in front end. (5dB noise flgure) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $359.99 
2300 MHz DOWN CONVERTER ONLY 

10 dB Noise Figure 23 dB gain in box with N conn. input F conn. Output.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $149.99 
7 dB Noise Figure 23 dB gain in box with N conn. Input F conn. Out ut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $169.99 
5dB Noise Figure23dBgain in boxwith SMAconn. Input Fconn. 8utb;i: : : 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $189.99 

DATA IS INCLUDED WITH KITS OR MAY BE PURCHASED SEPARATELY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $15.00 
Shlpplng and Handllng Cost: 
Receiver Kits add $1.50, Power Supply add $2.00, Antennaadd $5.00, Option 112 add $3.00, For complete system add $7.50. 

* INTRODUCING THE HOWARDICOLEMAN TVRO CIRCUIT BOARDS * 
( Satellite Receiver Boards ) 

DUALCONVERSIONBOARD ................................................................................................. $25.00 
This board provides conversion from the 3.7-4.2 band first to 900 MHz where gain and bandpass filtering are provided and, second, to 70 MHz. 
The board contains both local oscillators, one fixed and the other varlable, and the second mixer. Construction is reatiy simplified by the use 
of Hybrid 1C ampllfiers for the ain stages. Bare boards cost $25 and it is estimated that parts for construction ~ R I  cost $270. (Note: The two 
Avantek VTO's account for $228 of this cost.) 
47pFCHIPCAPAClTORS ..................................................................................................... $6.00 
For use with dual converslon board. Consists of 6 - 47 pF. 
70MHzIFBOARD ........................................................................................................... $25.00 
This circuit rovides about 43 dB gain wlth 50 ohm lnput and output impedance. It Is desi ned to drive the HOWARDICOLEMAN TVRO De- 
modulator. f h e  on-board band pass filter can be tuned for bandwidths between 20 and 35  HZ with a passband ripple of less than 112 dB. Hy- 
brid ICs are used for the gain stages. Bare boards cost $25. It is estimated that parts for construction will cost less than $40. 
.O1 pF CHIP CAPACITORS.. ................................................................................................... $7.00 
For use with 70 MHz IF Board. Consists of 7 - .O1 DF. 
DEMODULATOR BOARD.. .................................................................................................... 40.00 
This circuit takes the 70 MHz center frequency satellite TV signals in the 10 to 200 millivolt range, detects them usin a phase locked loop, de- 
emphasizes and filters the result and ampllfles the result to produce standard NTSC video. Other out uts include t f e  audio subcarrier, a DC 
voltage proportional to the strength of the 70 MHz signal, and AFC voltage centered at about 2 volts LC. The bare boards cost $40 and total 
parts cost less than $30. 
SINGLE AUDIO ............................................................................................................. $15.00 
This Circuit recovers the audio signals from the 6.8 MHz frequency. The Miller 9051 coils are tuned to pass the 6.8 MHz subcarrier and the 
Miller9052 coil tunes for recovery of the audio. 
DUALAUDIO. .............................................................................................................. $25.00 
Duplicate of the single audio but also covers the 6.2 range. 
DCCONTROL .............................................................................................................. $15.00 
Th~s clrcult controls the VTO's, AFC and the S Meter. 

TERMS: 
WE REGRET WE NO LONGER ACCEPT BANK CARDS. 
PLEASE SEND POSTAL MONEY ORDER, CERTIFIED CHECK, CASHIER'S CHECK OR MONEY ORDER. 
PRICES SUBJECTTO CHANGE WITHOUT NOTICE. WE CHARGE 15% FOR RESTOCKING ON ANY ORDER. 
ALL CHECKS AND MONEY ORDERS IN US FUNDS ONLY. 
ALL ORDERS SENT FIRST CLASS OR UPS. 
ALL PARTS PRIME AND GUARANTEED. 
WE WILL ACCEPT COD ORDERS FOR $25.00 OR OVER, ADD $2.50 FOR COD CHARGE. 

(602) 242-8916 
PLEASE INCLUDE $2.50 MINIMUM FOR SHIPPING OR CALL FOR CHARGES. 
WE ALSO ARE LOOKING FOR NEW AND USED TUBES, 

21 1 1 W. Camelback 
TEST EQUIPMENT, COMPONENTS, ETC. 
WE ALSO SWAP OR TRADE. Phoenix, Arizona 8501 5 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
; 
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I RF TRANSISTORS 

FAIRCHILD VHF AND UHF PRESCALER CHIPS 
95H90DC 350 MHz Prescaler Divide by 10111 
95H91DC 350 MHz Prescaler Divide by 9 6  
llC90DC 650 MHz Prescaler Divide by 10111 
11C91DC 650 MHz Prescaler Divide by 516 
1 lC83DC 1 GHz Divide by 2481256 Prescaler 
11C70DC 600 MHz FliplFlop with reset 
11 C58DC ECL VCM 
llC44DCIMC4044 Phase Frequency Detector 
11C24DCIMC4024 Dual TTL VCM 
11 COBDC UHF Prescaler 750 MHz D Type Fllp/Flop 
llCO5DC 1 GHz Counter Divide by 4 
11COlFC High Speed Dual 5 4  input NOINOR Gate 

TYPE 
2N1561 
2N1562 
2N1692 
2N1693 
2N2632 
2N2857JAN 
2N2876 
2N2880 
2N2927 
2N2947 
2N2948 
2N2949 
2N2950 

PRICE 
$15.00 
15.00 
15.00 
15.00 
45.00 
2.52 

12.35 
25.00 
7.00 

18.35 
15.50 
3.90 
5.00 

TYPE 
2N5590 
2N5591 
2N5837 
2N5641 
2N5842 
2N5643 
2 N W 5  
2N5764 
2N5842 
2N5849 
2N5862 
2N5913 
2N5Q22 

PRICE 
58.15 
11.85 
22.15 
6.00 

10.05 
15.82 
12.38 
27.00 
8.78 

21.29 
51.91 
3.25 

10.00 

TYPE 
MM1550 
MM1552 
MM1553 
MM1801 
MM180212NS 
MM1607 
MM1881 
MM1669 
MMl943 
MM2805 
MM2BOB 
MMBOOB 
MMCMB18 

PRICE 
$10.00 
50.00 
58.50 
5.50 
7.50 
8.85 

15.00 
17.50 
3.00 
3.00 
5.00 
2.23 

20.00 ..-- - -. i TRW BROADBAND AMPLIFIER MODEL CAB156 2N3287 4.30 2N5942 46.00 MMT72 1.17 

Frequency respbnse 40 MHz to 300 MHz 
2N3294 1.15 2N5944 8.92 MMT74 1.17 
2N3301 1.04 2N5945 12.38 MMT2857 2.83 

Gain: 300 MHz 16dB Min., 17.5dB Max. 
50 MHz0 to - 1 dB from 300 MHz 

2N3302 1.05 2N5046 14.68 MRF245 33.30 

Voltage: 24 volts dc at 220 ma max. 
2N3304 1.48 2NBOBO 7.74 MRF247 33.30 

$19.99 2N3307 12.60 2N8081 10.05 MRF304 43.45 - ..- 

CARBIDE - CIRCUIT BOARD DRILL BITS FOR PC BOARDS 2N3309 3.90 2N8082 
Size: 35,42,47,49,51, 52 $2.15 2N3375 9.32 2 N W  
Size: 53,54,55,56,57,58,59,61,63,64,65 2N3553 1.57 2N8084 
Size: 66 2N3755 7.20 2N6094 
Size: 1.25 mm, 1.45 mrn 2,00 2N3818 6.00 2N8095 

Size: 3.20 mm 3.58 1.09 2N8096 
2.80 2N6097 

CRYSTAL FILTERS: TYCO 001-19880 same as 2194F 2N38BBJANTX 4.49 2N6138 
10.7 MHz Narrow Band Crystal Fllter 
3 dB bandwidth 15 kHz min. 20 dB bandwidth 60 kHz min. 40 dB bandwidth 150 

kHz mln. 
Ultlmate 50 dB: lnsertlon loss 1.0 dB max. Ripple 1.0 dB max. Ct. O+/- 5 pf 3600 

ohms. $5.95 

MURATA CERAMIC FILTERS 
Models: SFD-455D 455 kHz $3.00 

SFB-455D 455 kHz 2.00 
CFM-455E 455 kHz 7.95 
SFE-10.7 10.7 MHz 5.95 

TEST EOUIPMENT - HEWLETT PACKARD - TEKTRONIX - ETC. 
Hawlr4t Packard: 
491C WVl Amplifier2 to 4 Gc 1 watt 30 dB gain $1150.00 
608C 10 to 480 rnc .1 uv to .5 V into50 ohms Sianai Generator 500.00 

10 to 420 mc .l uV to .5V into50 ohms signal Generator 
450 to 1230 mc .1 uV to .5 V into 50ohms Slgnal Generator 
900 to 2100 mc Signal Generator 
1.8 to 4.2 Gc Signal Generator 
1.8 to 4.2 Gc Signal Generator 
3.8 to 7.2 Gc Signal Generator 
3.8 to 7.2 Gc Slgnaf Generator 
7 to 11 Gc Signal Generator 
Microwave Test Set 
10 to 15 Gc Signal Generator 
12.4 to 18 Gc Sweep Generator 

Alltuh: 
473 225 to 400 mc AMIFM Signal Generator 750.00 
Singer: 
MF51VR.4 Universal Spectrum Analyzer with 1 kHz to 27.5 mc Plug In 1200.00 
Kaltdc: 
XR830100 TWT Amplifier8 to 12.4 Gc 100 watts 40 dB gain 9200.00 
Poland: 
20381243611 102A 

Calibrated Display with an SSB Analysis Module and a 10 to 
40 mc Single Tone Syntheslzer 1500.00 

CHIP CAPACITORS 
l o f  270f 220of 1200of 

We can supply any 1.5pf %pf 2Gpf 1500pf 
2.2pf 39pf 270pf 1800pf 

vrlue chlp capac- 2 .7~ f  4781 300~1 22000f 
ltom you may need. 

PRICES 
1 to 10 $1.49 
11-50 1.29 
51 - 100 .89 
101 . 1.000 .69 
1,001 up .49 

1 HAMLIN SOLID STATE RELAYS ATLAS CRYSTAL FILTERS FOR ATLAS HAM GEAR I 

I 120 Vac at 40 Amps. 
lnput Voltage3 to 32 Vdc. 

I 240 Vac at 40 Amps. 
Input Voltage3 to 32 Vdc. 

Y w r  Choice $4.99 

YOUR CHOICE $24.95 

I NEW - TOLL-FREE NO. 800-528-01 80 - please. orders only! I 

More Details? CHECK-OFF Page 98 february 1981 69 
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@ MOTOROLA Semiconductor The RF Line 

MRF 454 $21.83 MRF458 $20.68 

NPN SILICON RF POWER TRANSISTORS NPN SILICON RF POWER TRANSISTOR 

des~gned for power ampl~f~er appllcat~ons In ~ndustr~al, . . . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 

commer~cal and amateur rad~o equlpment to 30 MHz. 

% Spec~f~ed 12 5 Volt. 30 MHz Character~st~cs - 
Specified 12.5 Volt, 30 MHz Characteristics - 

Output Power = 80 Watts 
Output Power = 80 Watts M~nlmum Ga~n = 12 dB 
Minimum Gain = 12 dB 
Efficiency = 50% Efflc~ency = 5090 

Capable of Wlthstand~ng 30.1 Load VSWR @ Rated Pout and VCC 

NPN SILICON RF POWER TRANSISTOR 
. . . designed primarily for use in large-signal output ampl~f~er stages. 
Intended for use in Citizen-Band commun~cations equlpment 

MRF472 operating at 27 MHZ. High breakdown voltages allow a h~gh 
percentage of up.modulation in AM circuits. 

$2.50 Specified 12.5 V, 27 MHz Character~stlcs - 
Power Output = 4.0 Watts 
Power Gain = 10 dB Min~mum 
Efficiency = 65% Typical 

MRF475 NPN SILICON RF POWER TRANSISTOR 

\ 
' MHW710 - 

$46.45 
440 to 470MC 

. . . designed primarily for use in single sideband linear amplifier UHF POWER AMPLIFIER MODULE 
output applicaiions in citizens band and other communicat~ons 
equipment operating to 30 MHz. . . . des~gned for 12.5 volt UHF power amplif~er appl~cat~ons in 

~ndustr~al and commerc~al FM equipment operating from 400 
Characterized for Single Sideband and Large-Signal Amplifier to 512 MHz. 

Applications Utilizing Low-Level Modulation. Spec~f~ed 12.5 Volt. UHF Character~st~cs - 

Output Power = 13 Watts 
Specified 13.6 V, 30 MHz Characteristics - M ~ n ~ m u m  Ga~n = 19.4 dB 

Output Power = 12 W (PEP) Harmonics = 40 dB 
Minimum Efficiency = 40% (SSB) 

50 R Input/Output Impedance 
Output Power = 4.0 W (CW) 

$5.00 Minimum Efficiency = 50% (CW) Guaranteed Stab~l~ty and Ruggedness 

Minimum Power Gain = 10 dB (PEP 81 CW) Ga~n Control P I ~  for Manual or Automat~c Output Level Control 

T h ~ n  F ~ l m  Hybrld Construct~on G~ves Consistent Performance 

Common Collector Characterization and Re l~ab~ l~ ty  

Tektronix Test Equipment 
................................. .......................................................... 

0 Uldeband H lgh  Gdln P lug  I n  d 51 00 

CA Dual Trace P lug  I n  120 On 63.00 
Scopes with Plug-ins 

K Fast Rlse DC P lug  I n  
N Sampl l n g  P lug  I n  200 00 
R T r a n s i s t o r  R l r c t l m e  P lug  I n  116.00 
U High Gain D i f f e r e n t i d l  Cmpara to r  Plug I n  283.00 561P. OC t o  IOMHI Scope w l t h  a 3516 Dual Trace OC t o  
TU-2 Test Load P lug  I n  f o r  53015401550 Main Framer 50 00 815MH7 Sampling P lug  I n  and a 3T l lA  Sweep P lug  I n .  Rack m u n t  600.00 
LA2 Uideband Oual Trace P lug  I n  216 00 
IS1  Sampling U n l t  u i t h  350PS Rl re t lme OC t o  IGHZ 130.00 565 OC t o  IOHHZ Dual Bedm Scope w t h  a 2A63 O l r f  and a 2.461 o l f f .  
2A61 AC O i f f e r e n t l a l  P lug  I n  133.00 Plug I n ' s  

250 00 
900.00 

353 Oual Trace Sampling DC t o  1012 P lug  I n  
3S1b h d l  Trace Sampling DC t o  075MHZ P lug  I N  250 00 581 OC t o  MOWZ scope w l t h  a 82 Oval  race ~ l g h  Gain P lug  l n  650.00 

250.00 3T77A Samplnng Sweep P lug  I n  
3L10 Spectrum Analyzer 1 t o  3 W Z  P lug  I N  1000.00 
50 h p l l f i e r  P lug  I n  50 00 ............................................................................................. 
51 Sweep P lug  I n  50.00 
538 Uldeband Hlgh Galn P lug  I n  25.00 
531540 Uldeband H igh  Gain P lug  I n  45.00 
531541. Dual Trace p l u g  In 112.50 Tubes 
531540 High Gain OC D l f f e r e n t l a l  P lug  I n  38.00 
531546 Uideband OC D i f f e r e n t i a l  P lug  I n  68.00 2E2b 1 5.00 4CX350FJ $116.00 6146U 12.00 

300.00 53154L Fas t  Rise H igh  Gain P lug  I n  68.00 3-5002 102.00 4CXlOOOA 6159 10.60 
84 Test P lug  I n  For 5801581 k i n  Framer 75.00 3- LOO01 268.00 4CX15008 350.00 6161 75.00 

750.00 107 Square Udve Generator .4 t o  I W Z  48.00 3828/866A 5.00 4CXL5000A 6293 10.50 
50.00 M I 2 2  P r e a m p l i f i e r  2Hr t o  40KHI 63.00 3XZ500A3 150.00 4E27 6360 6.95 

123 AC Coupled P r e a m p l i f i e r  25.00 4-65A 45.00 4x1501 41.00 6907 40.00 
131 Cur ren t  Probe M p l l f i e r  50.00 4-125A 50.50 4x1500 52.00 6939 14.15 
184 T i m  Mark Generator 363.00 4-27OA 68.50 4XlSOG 74.00 7360 12.00 
R240 Program Cont ro l  U n i t  150.00 4-400A 11.00 5120lTI6OL 39.00 7984 10.40 

5.00 280 Tr lgger  Countdan U n i t  84.00 4-IOOOA 184.00 6LF6 8072 49.00 
455 Por tab le  Dual Trace 50mZ Scope 2000.00 5-50OA 145.00 6106 5.00 8106 2.00 

12.95 465 Por tab le  Dual Trace 1 W m Z  Scope 25W.00 4CX1508 65.00 8LLA 8156 7.85 
503 DC t o  450KHZ Scope Rack Mount 250.00 4CXL50FIG 55.00 813 29.00 8226 127.70 
535.4 DC t o  l Y H l  Scope Rack m v n t  263.00 4CX25OK 113.00 5894/A 42.00 8295/PL112 328.00 
543 DC t o  33WZ Scope 300.00 4CX2SOR 92.00 6146 5.00 0458 25.75 
561 DL t o  IUMI 5cope Rack mount 150.00 4CXJOOA 147.00 6146A 6.00 85bOAlAS 50.W 
561A DC t o  IUMZ Scope Rack Flount 200.00 4CaI5OA 107.00 614681829811 7.00 8908 9.00 

8950 9.00 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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MICROWAVE COMPONENTS PRD - 
UlOl 12.4 t o  18 GHz Variable Attenuator 0 t o  60d8 300.00 

ARRA XI01 8.2 t o  12.4 GHz Variable Attenuator 0 t o  60dB 200.00 - ClOl Variable Attenuator 0 t o  60d8 200.00 

2416 Variable Attenuator 
50,00 205A1367 Slo t ted Line wi th  Type N Adapter 100.00 

3611-60 Variable Attenuator 0 t o  6WB 75.00 :$'iS1 8.2 t o  12.4 GHz Variable Attenuator 0 t o  50dB 100.00 

KU520A Variable Attenuator 18 t o  26.5 GUz 7.05 t o  10 GHz Variable Attenuator 0 t o  40dB 100.00 

4684-2OC Variable Attenuator 0 t o  18WB :::::: 196C 8.2 t o  12.4 GHz Variable Attenuator 0 t o  45d8 100.00 

6684-20F Variable Attenuator 0 t o  18WB 100.00 :&': 3.95 t o  5.85 GHz Variable Attenuator 0 t o  45dB 100.00 
Frequency Meter 5.3 t o  6.7 GHz 100.00 

140A,C.O,E Fixed Attenuators 25.00 
1095,l Fixed Attenuators 25.00 
WEINSCHEL ENG. 2692 Variable Attenuator t30 t o  60dB 100.00 

General Microwave 
D i n c t l o n r l  Coupler 2 t o  4GHz 2W8 Type N 75.00 

COMPUTER I.C. SPECIALS 

MEMORY DESCRIPTION PRICE - 
Hewlett Packard 2708 IK x 8 EPROM s 7.99 

271612516 2K x 8 EPROM 5Volt Single Supply 20.00 
H487B l W  o h s  ner, Thermistor Mount (NEW) 150.00 211419114 1K x 4 S ta t i c  RAM 45011s 6.99 
H4878 100 ohm Neg Thermistor Mount (USED) 100.00 2114L2 1K x 4 S ta t i c  RAM 250ns 8.99 
4778 200 ohm Neg Thermistor Mount (USED) 100.00 2114L3 IK x 4 S ta t i c  RAM 350ns 7.99 
X487A 1W ohms Nep Thermistor Mount (USED) 100.00 4027 4K x 1 Dynamic RAM 3.99 
X487B 100 ohns Neg. Thermistor Mount (USED) 125.00 4060f2107 4K x 1 Dynamic RAM 3.99 

4050f9050 4K x 1 Dynamic RAM 3.99 
150,00 ZIIIA-218111 256 x 4 S ta t i c  RAM 3.99 

J46M 100 ohms Neg Thermistor Mount (USED) 256 x 4 S ta t i c  RAM 3.99 
478A 200 ohm Nep Thermistor Mount (USED) 150.00 :;i$!2 1K x 1 S ta t i c  RAM 55ns 4.99 
5382 5.85 t o  8.2 Wz Variable Attenuator 0 t o  50dB : 6104-314104 4K x 1 S ta t i c  RAM 32011s 14.99 
X302A 8.2 t o  12.4 GHz Variable Attenuator 0,to 50dB 7141-2 4K x 1 S ta t i c  RAM ZOOns 14.99 

MCM6641L20 4K x 2 S ta t i c  RAM 200ns 14.99 
9131 1K x 1 S ta t i c  RAM 300ns 10.99 

394A 1 t o  2 GHz Variable Attenuator 6 t o  120dB 250.00 
NK292A Waveguide Adapter 65.00 
K422A 18 t o  26.5 wz Crystal Detector 250.00 C.P.U.'S ECT. 
8436A Bandpass F i l t e r  8 t o  12.4 GHz 75.00 

MC6800L Microprocessor 13.80 
MCM6810AP 128 x 8 S ta t i c  RAM 45011s 3.99 
MCM68AlOP 128 x 8 S ta t i c  RAM 360ns 4.99 

8439A 2 GHz Notch F i l t e r  75.00 MCM688lOP 128 x 8 S ta t i c  RAM 250ns 5.99 
847111 RF Detector 
H532A 7.05 t o  10 GHz Frequency Meter 

: MC6820P PI A 8.99 

G532A 3.95 t o  5.85 GHz Frequency k t e r  300.00 MC6820L 
PI A ' 9.99 

J532A 5.85 t o  8.2 GHz Frequency Meter 300.00 ~ ~ ~ $ ~ ~ p  
PIA 8.99 
PIA 9.99 

MCM6830L7 Mikbug 14.99 
MC6840P PTM 8.99 
MC6845P CRT Cont ro l le r  29.50 

809A Carriage w i t h  a 444A Slo t ted Line Untuned Detector Probe MC6845L CRT Cont ro l le r  33.00 
and 8098 Coaxial S lo t ted Section 2.6 t o  18 GHz 175.00 MC6850L AClA 10.99 

MC6852P SSOA 5.99 
MC6852L SSDA 11.99 
MC6854P AOLC 22.00 
MC6860CJCS 0-600 BPS Modem 29.00 
MC6862L 2400 BPS Modem 14.99 Merrimac M K ~ ~ ~ O N - J  FB Microprocessor 9.99 
MK3852P F8 Memory In ter face 16.99 

AU-25Al 801115 Variable Attenuator 100.00 MK3852N F8 Memory In ter face 9.99 
MI-26AI 801162 Variable Attenuator 100.00 MK3H54N F8 Di rect  Memory Access 9.99 

8008- 1 Microprocessor 4.99 
8080A Microprocessor 8.99 
ZROCPU Microprocessor 14.99 
6520 PI A 7.99 

Microlak/FXR 6530 Support For 6500 series 15.99 
2650 Microprocessor 10.99 

X638S Horn 8.2 - 12.4 GHz 60.00 TMSlOOONL Four B i t  Micropro~essor 9.99 
601-818 X t o  N Adapter 8.2 - 12.4 GH2 35.00 TMS4024NC 9 x 64 D ig i t a l  Storage Buffer (FIFO) 9.99 
Y6100 Coupler 75.00 TMS6011NC UART 9.99 

MC14411 B i t  Rate Generator 11.99 
AY5-40070 Four D i g i t  CounterlOisplay Drivers 8.99 
AY5-9200 Repertory Dia l  l e r  9.99 
AY5-9100 Push Button Telephone Oia l le rs  7.99 
AY5-2376 Keyboard Encoder 19.99 
AY3-8500 TV Game Chip 5.99 

Narda TR1402A UART 9.99 - PR14728 UART 9.99 
4013C- 101 2254011 Dt rect iona l  Coupler 2 t o  4 GHz lOdb Type SMA 90.00 PT1482B UART 9.99 
4014-10/ 22538 Di rect iona l  Coupler 3.85 t o  8 GUz lOd8 Type SMA 90.00 OMA Cont ro l le r  9.99 

4014C-6/ 22876 Di rect iona l  Coupler 3.85 t o  8 GHz 6dB Type SMA 90.00 Comnunication Interface 9.99 

4015C-101 22539 Oirect ional Coupler 7.4 t o  12 GHz lOdE Type SMA 95.00 82ZR System Cont ro l le r  & Bus Dr iver  5.00 

4015C-301 23105 Di rect iona l  Coupler 7 t o  12.4 GHz 30d8 Type SMA 95 00 8212 8 B i t  InputIOutput Port 5.00 

3044-20 Di rect iona l  Coupler 4 t o  8 GHz 20dB Type N 125:00 MC14410CP 2 of 8 Tone Encoder 9.99 
3040-20 Di rec i tona l  Coupler 240 t o  500 MC 20dB Type N 125.00 Low Speed Modem 14.99 
3W3-201 22006 Di rect iona l  Coupler 1.7 t o  4 GHz 20dB Type N 125.00 HC14408 Binary t o  Phone Pulse Converter 12.99 
3003- LO/ 22011 Di rect iona l  Coupler 2 t o  4 GHz 10d8 Type N 75.00 MC14409 Binary t o  Phone Pulse Converter 12.99 
3003-30/ 22012 Dl rect lona l  Coupler 2 t o  4 GHz 30dB Type N 75.00 ~ ~ 1 4 8 8 L  RS232 Dr iver  1.00 
3043-301 22007 Di rect iona l  Coupler 1.7 t o  3.5 GHz 30d8 Type N 125.00 K1489L RS232 Receiver 1.00 

22571 Di rect iona l  Coupler 2 t o  4 GHz IWB Type N 125.00 MC1405L AID Converter Subsystem 9.00 

3033 Coaxial Hybrid 2 t o  4 GHz 368 Type N 125.00 MC1406L 6 B l t  OIA Converter 7.50 
3032 Coaxial Hybrid 950 t o  2 GHz 3 dB Type N 125.00 MC1408/6/7/8 8 B i t  OIA Converter 4.50 

7841 22380 Variable Attenuator 1 t o  9Od8 2 t o  2.5 GHz Type SMA 550.00 MC1330P Low Level Video Oetector 1.50 

22377 Waveguide t o  Type N Adapter 35.00 MC1349150 Video IF  Ampli f ier 1.17 

720-6 Flxed Attenuator 8.2 t o  14.4 GHz 6 dB 50.00 LM733 OP Ampl i f ie r  2.40 

3503 Waveguide 25.00 LM565 Phase Lock Loop 2.50 

NEW - TOLL-FREE NO. 800-528-01 80 - please, orders only! 
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220 is the new frontier in VHF! There is RF Pwr Out: 10 W nom. (CW 8 PEP) 
plenty of FM activity now in most areas of Power: 13.6 VDC @ 4 A nom. 
the country and SSB and weak signal work 2 meter drive: 10 W nom. 
is growing rapidly. It's a fact; working on 
220 is one of the most rewarding activities 
since most work is still in the pioneering Examples of frequency conversion in the 

You can get on 220 at minimal expense now SIMPLEX I (Nat'l Call Freq.) 
by adding Lunar's new 220/TV Transverter 
to your present 2 meter station. It costs 

Function 2 Mstsra 220 MM 
Rx Freq. 146.5 

about half the price of most all-mode radios 
yet enables you to work any mode (CW, 

Tx Freq. 146.5 

SSB. FM, SSTV, RllY) on 220 as you do on 2 SIMPLEX II (Nat'l SSB Call Freq.) 
meters, using your present 2 meter trans- 

Installatlon la easy! REPEATER MODE (2 Meter- 
Just connect the Lunar 220/TV to a 220 600 KHz Offset Requlred) 

Rx Freq. 147.94 224.94 
Tx Freq. 147.34 223.34 

See your Lunar dealer or contact Lunar for 

r- 

WANTED FOR CASH 
DESIGN ENGINEER 

Wulfsberg, the leading manufacturer, of aviation- 
related communication equipment including airborne 
radio telephone, FM air mobile communicatlons and 

490-T Ant. Tunln Unit 618-T Trnnscelvor 
(Also known as ?lJ1658 (AISO known 0s MRCBS. 
and CU1669)  ARC^^. ARCIOZ. or~C102) 

4Cx156 
4CX250 
4CX300A 
4CX350A 

4CX1ooo 
4CX1500 
4CX3000 4CX10,000 4 6 5  4-250 4-1000 
4CX5000 5CX1500 4-125A 4-400 304TL 

Other tubes and Klystrons also wanted. 

Highest price paid forthese units. Parts purchased. 
Phone Ted, W2KUW collect. We will trade for new 
amateur gear.GRClOG,ARC105, ARC1 12, ARC1 14, 
ARC1 15, ARC1 16, and some aircraft units also 
required. 

DCO, INC. 
10 Schuyler Avenue No. Arlington, N. J. 07032 
Call Toll Free (201) 998-4246 
800.526.1 270 Evenings (201) 9984475 

AM alr/ground communications equipment, has engi- 
neering openings now. 
A growing market and new expanded lab facilities 
cause us to look for engineers with the following 
qualifications: 

BSEE 
At least 3 years experience in RF circuit 
and radio design techniques 
Background in digital frequency synthe- 
sizers 

Outstanding employee benefits including year-end 
profit sharing. 
You can find your life style in this attractive Kansas 
City metropolitan location. Let us tell you about it. 
You'll be pleasantly surprised. 
If you are interested and qualified, please forward your 
resume to Jerry Henson, Director of Personnel. 

&fT; WUL FSBERG Lp E L E C T R O N I C S ,  I N C .  
11300 W. 89th Street 
Overland Park, Ks. 66214 
91 3-492-3000 

Join the Communications Professionals 

Equal Opportunity Employer 



flea ~t market 
RATES Noncommercial ads 106 per 

word; commercial ads 606 per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one f r e e  Flea Market 
ad ( s u b j e c t  to our ed i t i ng ) .  Repeat inser- 
tions of hamfest ads pay the non-commer- 
cia1 rate. 

COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed (not all capitals) 
and must include full name and address. 
We reserve the right to r e j e c t  unsuitable 
copy. Ham Radio cannot check each 
advertiser and thus cannot be held respon- 
sible for claims made. Liability for correct- 
ness of material limited to corrected ad in 
n e x t  available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

SATELLITE TELEVISION - I receive it but made hun- 
dreds of dollars of mistakes - Let me show you how not 
to make them In THE MOST COMPLETE SINGLE 
REPORT ON STV. $7, Scott Palmer, 9062 Andromeda 
Drive, Burkee, Virginia 22015 

HELP1 A Baptlst church affillated youth summer camp 
needs Ham help. 2 Meter and HF radios are urgently 
needed to provide emergency communications from an 
Appalachian mountain site to the nearest phone, which 
Is five miles away. Donated equipment Is tax deductible. 
Contact Richard Bailey, Amity, PA 15311. (412) 225-1265. 

MUST DISPOSE of one ton test equipment and elec- 
tronics data books, manuals, catalogs, 8 magazines. 
Mostly H.P 8 Tektronix. Some antique material. Sell by 
piece - SASE for list. Joe Cohen, 200 Woodside, Win- 
throp, MA 02152. 

THE SUPERMARKET OF ELECTRONICS - thousands 
of items for sale or trade each month. Free classified ad 
with subscription. Only $5.00 to Nuts 8 Volts, P.O. Box 
111l.F, Placentia, California92670. - 
HOMEBREW QSL CARDS can be made easy - low cost 
- attractive - oroceeds helo suooort Century 21 ARC 
- SASE for details KA4EBW. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Aualrla Ham Radio Holland 
F. 8aMI MRL Ectronlcr Postbus 88 
e N e t a d t  0"" 
Auatrla 
Ham Radlo 8.lplum 
Stereohouaa Ham Radlo Italy 
Bru88eI8eateenweg 418 0. Vulpttl 
B8218Genl P.O. Box 37 
Belplum 1 . 2 m  Wntu 
Ham Radlo Canada 

Italy 
Box 4W Goderlch 
0ntrl0,'Canada N7A 4C7 Ham Radlo Swltzsrland 
Ham Redlo Europe Karin Box 444 Postlach 24% 
€-I9404 Upplanda Vaaby ~~~iWG:~~~' 
Sweden 
Ham Redlo Francs 
SM Electronic Ham Radio UK 
20 b ~ a  AVO dea CIarlona ~ $ d ~ ~ ~ e ~ l i ~ ~ & ~  ~-3W60 AUXerre 
Francs England 
Ham Radlo Germany 
Karln U e h r  Holland Radlo 
Polll8ch 2454 143 Grwnway 
D1W Lwrrach Grwn8lde, Johannesburg 
West Oermmny R.publlcof South Afrba 

MOBILE IONITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup- 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 98362. 

ETCH IT YOURSELF PRINTED CIRCUIT KIT, Photo-Posi- 
tive Method - No darkroom required, All the supplies 
for making your own boards, direct from magazine arti- 
cle in less than 2 hours. Only $24.95, S.A.S.E. for details: 
Excel Circuits Co., 4412 Ferniee, Royal Oak. MI 48073. 

SPECTRUM ANALYZER Polarad TSA. STU-1 plug-in 
10.1000 MHz, STU-2A plug-in 810-4560 MHz $350. 
Gertsch FM-6 Freq. Meter $150. Bob Flaming WBGPAO, 
6519 Jetta Ave., Bakersfield, CA 93308(805) 399.8968. 

HAM RADIO REPAIR - Professional lab, personal ser. 
vice. "Grid" Gridley, W4GJO. April thru October: Rt. 2, 
Box 1380, Rising Fawn, Georgia 30738. (404) 657-7641. 
November thru March: 212 Martin Drlve, Brooksviile. 
Florida 33512. (904) 799-2769. 

MICROWAVE TV downconverters, preamps, parabolic 
dish antennas, remote tuning. Covers 2000 MHz band. 
Write for information. LAB.TRONICS, INC., Box 171, 
Rogers, MN 55374. 

FOR SALE: One Hailicrafter HT-40 Transmitter. Write 
W9HVZ in Lancaster, WI 53813. 

COLLINS 512-8-2 Transmission Line Coupler. 52 unbal. 
in 300.600 bal out. 3 kW. Weatherproof enclosure. 
$200.00. MSC SI-1800P Digitized voice repeater ID'er. 
Mint wlmanual. $200.00. WA0VNYl5 512-680-2106. Bob 
Schmidt 9230 Ridge Grove, San Antonio, TX 76250. 

LINEAR AMPLIFIER PLAN BOOK 11, 13 plans, 1.6 to 400 
MHz, 15 to 1000 watts, 92 pages, $11.95, CB modification 
kits, crystals, de-scramblers, other titles, electronic flea 
market and more in our catalog, $1.00 refundable. A.P. 
Systems, P.O. Box 263HR, Newport, R.I. 02840. 

KENWOOD TS-520 mint condition with manual in 
original carton $475. WRL DUOBANDER 84 SSB 
transceiver, AClDC power supply, Shure mobile 
microphone, manual $250. HALLICRAFTERS HA-1 elec- 
tronic keyer, very good condition, with manual $35. 
HUSTLER MAST, heavy duty spring, resonators 80, 75, 
40, 20 meters $50. 1 ship UPS INSURED anywhere USA. 
Howard Weinstein, K3HW16,6769 El Cajon Blvd., Apt. 16, 
San Diego, CA 921 15. (714) 466-8702. - 
BUY.SELL.TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of malor brands 
new and reconditioned amateur radio equipment. Call 
for best deals. We buy Collins, Drake, Swan, etc. Asso- 
ciated Radio, 6012 Conser, Overland Park, KS 66204. 
(913) 381.5900. - 
MIRROR.IN.THE.LID, and other pre.1946 television set 
wanted. Paying 500+ for any complete RCA "TRK 
series, or General Electric "HM" series set. Also looking 
for 12AP4. MW-31-3 picture tubes, parts, literature on 
pre-war television. Arnold Chase, WAlRYZ, 9 Rushleigh 
Road, West Hartford, Conn. 06117 (203) 521-5260. - 
CWISSB FILTERS: IC audio instaali in any radio, sharp 
CW, stagger tuned SSB - $15, $32. SASE info: WBCBR, 
80 W. Mennonite. Aurora. OH 44202. 

RF ATTENUATORS: Ideal for T.hunting or test equip 
ment. I have a dozen new unused Texscan CA-1000150 
variable r.f attenuators with BNC fittings. Ratings: 
DC.1000 MHz, 50 ohm impedance, 0.1 watt maximum 
power dissipation, low insertion loss <6 dB, con. 
tinuously variable 0.60 dB with 240 deg. shaft rotation, 
panel mounting. Far below retail at $25.00 each. KBQGV, 
Don Wightman. 1010 Eugene Or., Fullerton, CA 92632. 

MOTOROLA RADIOS WANTED: I need micors, motracs, 
mocom 70'9, H.T.'s, and bases . . . anything Motorola 
newer than 12 years. I pay all shipping. Len Rusnak, 
WA3TJO 301-441-1221. 

SELL: Lab Manual for repairs of R.390A. Sell $40.00. 
W4AlS 4 Homewood Ave.. Taylors, S.C. 29687. 

WANTED: Motorola micor base stations. 406-420 MHz. 
AK7B,4 Ajax PI., Berkeley, CA 94706. - 
COAXIAL DIRECTIONAL COUPLER, Narda 3002.10, 
0.95-2.0 GHz, brand new, boxed, $30 each. Coaxial 
variable attenuator, ARRA 3952-60, 1.02.0 GHz, brand 
new, boxed $30 each. DEKASTAT model X604, precision 
decade, multi-turn potentiometer with attached readout, 
1.2 kilohms, 180 mA max., brand new, $20. New piston 
trimmers 754 each. Add UPS. SASE Ilst. Edward Halton 
W1 WB, Providence College, Providence, R.I. 02918. - 
YAESU Y0.100 monitor scope with manual and original 
carton, $145. Comdel RF speech processor, connects 
between mike and rig, $85. John Skubick, KBJS, 791-106 
Ave., Naples, FL 33940. - 
6013 QSL's, $10. Catalogue, 743 Haward, St. Louis, MO 
63130. 

'POT t RESIS. *HEAT  SINK 
' ~ O O O U F ~ ~ ~ V D C  'D IODES 

T v E  ZENER. 

*I  82 .50  

K.VISA,COD ACCEPTED 
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When it comes to 

RADIO QSL9s.. . 

Here t h e y  are! T h e  latest edltlons. Wor ld -  
famous Radlo  A m a t e u r  Callbooks, t h e  
most  respected a n d  comple te  IlStlng o f  
r ad io  amateurs. Lists calls. l lcense classes, 
address In format ion.  Loaded  w l t h  special 
features such as ca l l  changes, pref lxes o f  
t h e  wor ld ,  standard t l m e  charts, wo r l d -  
w ide  QSL bureaus, a n d  more. T h e  U.S. 
E d l t l o n  features over 400.000 Iistlngs, 
w i t h  over 100,000 changes f r o m  last 
year. T h e  Fore lgn E d l t l o n  has over 
3oo.000 Ilstlngs. over 90,000 changes. 
Place y o u r  order  f o r  t h e  n e w  1 9 8 1  Rad lo  
Ama teu r  Cal lbooks, avallable now.  

Each Shlpplng Tdal 

i ~ :  USCallbook $17.95 $2.55 $20.50 

$16.95 $2.55 $19.50 

Order  b o t h  books  a t - t he  same t l m e  fo r  
$37.45 inc lud ing shipping. 

Order  f r o m  y o u r  dealer o r  d l r ec t l y  f r o m  
t h e  publ isher.  A l l  d i rec t  orders a d d  $2.55 

only $2.50 postpaid 

Pegasus on blue field, red leltering. 3 "  wide x 

FOR SALE: TRSgO expansion Interphase 32K ram, 
5450.00. disc drlve, 5350.00, phonemate 800AC wlth 
remote, 5225.00. Kenwood TR.8000 allmode transceiver 
$315.00, Mlrsge 0.108 2 meter amp.. 590.00, ADC audio 
equalizer 540.W. Mitchell Rakoff. 64-33 98th St., Rego 
Park, NY 11374. (212) 8300097. 

COLLINS 755-1. 32S1, 516F-2. Recent Complete Allgn- 
ment, Mlnt condltlon. Local Sale or Trade Preferred. $550 
or Trade for Mlnl.Computer. Ray HIII, 32 Tower Rd.. Lex- 
ington. MA 021 73. (817) 8624696. 

FOR SALE: lcom %ID wlth matchlng supply, manuals 
and cartons. 3 months old. 5885.00 plus ShlDDlnO. Jlm. 

MANUALS for most ham gear 193711970. Send 25c for 
"Manual Catalog." H.I.. Inc.. Box H a ,  Councll Bluffs, 
Iowa 51502. 

WANTED: Schematic. power supply, Topaz Hustler ClO 
XDG.AC. Jack Graham. 5438 Castlecreek. Houston. TX 

ATLAS D W C  m d  350XL Dlgltal DlaVFrequency Count- 
m. $175.00 plus 53.00 UPS. AFCI Stop VFO drlft. See 
June 79 HR. 385.00 plus $3.00 UPS. Mlcal Devlces. P. 0. 
Box 343. Vista. CA 92083. - 
WAX 147 Foot Broadcasting tower complete wlth guya 
$2.000.00. Wlll shlp. Heath stallon SB303 5400.00. 
HW101 SSSO.00. Ps23B SlW.00. MFJ 520BX processor 
$50 00. VESRA, (306) 3731988. - 
ROHN TOWER . Buy dlrect from Worldwide dlstrlbutw 
of all Rohn products. Sample prlces - 250 sectlons 
$38.72 each. 4% sections. 588.00 each. FK-2548 fold- 
over tower wlth frelght paid 5693.00, BX-48 free standlng 
$218.90. Hlll Radlo. Box 1405. Bloomington, IL 61701, 
(309)8632141. 

HALLICRAFERS SX-42 welver  W K C  - 11OMC Sn., 
DuMount 5890 frequency, deviation meter and slgnal 
generator 25470 MHz $50. K6KZT. 2255 Alexander, Los 
Osos. CA 93402. - 
WANTED: Cushman Communlcatlons Service Monltom, 
worklng or non.worklng unlts. Also need plug-in mod- 
ules, manuals, parts. etc.. wlll pay cash or take over pay- 
ments. Also need RF voltmeters; WB8IJX. Fred L. 
Slaughter, 5844 Grlsell Road, Oregon, OH 43616. Phone 
(419) 6988597. 

AMATEUR RADIO REPAIR: Quallty wrvlce, reasonable 
rates, all brands. NOW USA KDK repalr center1 Amateur 
Radlo Repalr Center, 79 Town Square, Mocksville. NC 
27028 (919) 9982627. - 
WANTED: Halllcraften SX-117, worklng or not. Chuck 
Hanavln, 17 New St., Apt. 14, Newark, DE 19711. 

ELECTRONIC IIAROAINS, CLOSEOUTS, SURPLUS! 
Parts. eaul~ment. stereo. Industrial, educsllonal. Amaz- 
Ing vsluesl Fascinating Items unavailable in stores or 
catalogs anywhere. Unusual FREE catalog. ETCQO12, 
Box 782. Plattsburgh. NY 12901. SURPLUS WANTED. 

SELL: tOMeter BOWatt Motorola MlCOR mobile. 4-freq.. 
PL. acceseorles. Bob KBKGS1714) 2291273. . . - 
ELECTRONIC COMPONENTS: Integrated Clrcults. 
Llnear. lTL, CMOS, Low Prlces on Capacitors. Realstom 
5% Carbon Fllm Factory Fresh 114 Watt 51.85 Per Hun- 
dred, 112 Watt 51.75 Per Hundred. IC Sockets, Trlm Pots 
and More. Send for FREE Catalog. Westland Electronlcs. 
34245 Ford Rd.. Westland. MI 48185. (313) 728-0850. - 
NEED HELP for your Novlce or General tlcket? Recorded 
audlo-vlsual theory Instructlon. No electronic back- 
ground required. Free Informallon. Amateur Llcense. 
P.O. Box 6015. Norfolk, VA 23508. 

COLLINS ROUND K W M U ,  mlnt, late complete CP.1 
crystal pack. S16F-2 round, mlnt $1500. 31254 round, 
mlnt S175.30L-1 round $550. Kenwood TSBOO. VFO-800, 
two P S W  absolutely mlnt $650. FOB WAGNWP, 52632 
RD 426. Oakhurst, CA 93644. 

OSCS WITH CUSS1 Unbeatable q ~ l l t y ,  reasonable 
price. Samples: SOC refundable. QSLs Unllmlted, 1472 
S.W. 13th St.. B o a  Raton, FL 33432. 

CII TO l O M m R  CONVERSIONS. SSBIAMICW. Let a 
apeclallst convert your rig, or buy one complete. Wrlte 
Converalon Englneerlng. Box 183. Sandwich, Massa- 
chusetts 02563. - 
MAKE HAM RADIO FUN1 Supplement your leamlng p r e  
arams wlth a motlvatlonal hvonosls cassette. T a ~ e  113. 
iearnlng the Code; Tape H, ~reak lng the Speed ~an ler ;  
Tape 17. Electronlcs Theory. Free catalog. For tapes 
send $10.95 to John Wolf Hypnosls Center. P.O. Box 497. 
Hayden, ldaho63835. 

YCADILLAC" of OSL'S - FAST 100 . S9.W - Our 
Deslgn. Send 51.00 for Samplw-Refundable. MAC'S 
SHACK. P.O. Box 43175. Seven Polnts, Texas 75143. 

Offer your club COMPLETE 
emergency communlcatlonr 

Auxiliary "In Use" c 

1 MODEL 
SC lWC 

MADE IN S329.95 
USA plus shlpplng 

Covers 100 to 179.999 MHz In 1 kHz steps with 
thumb-wheel dial Accuracy .00001% at all tre- 
quencies Internal frequency modulation from 0 to 
over 100 kHz at a 1 kHz rate Spurs and noise at 
leasl60dB below carrier RF oulput adjustable from 
5-500mV across 50 ohms Operates on 1Zvdc @ 
'/, amp Price $329.95 plus shlpp~ng. 

In slock tor immediate shipping. Overnight 
delivery available at extra cost. Phone: (212) 
468-2720. 

VANGUARD LABS 
196-23 Jamacia Ave. Hollis, NY 11423 

VHF COMMUNICATIONS 
is a quarterly radlo amateur magazlne speclallzlng in 
VHF. UHF, and microwaves. An introductory annual 
subscription is $1 5.00. USA representative: 

SELECT0 Inc. 
372 D &I Marin Keys Blvd.. Novato. CA 94947 

Phona: 14151 883-2478 Telex: 171-046 

CONNECTOR 
WVL.OUE (no.$) aDwlm conmc$ot mr C.X. 
SO233 swls! m o l M  mnlo plans l l l ~ d  plutic 
bDay I0 I C C W I  C a .  PL-250 Dl00 On IeWllru 
OllD C.0 ICIDI CO.. l l t t lnol dry In.lruCllOns 8". 

clufl.0 Gunranlna LI your oralsrs ISM 
w.1,,.!4  loin^.","" nsulr,or.'l 2vp 

BUDWIG MFG. CO. PO BOX 828. mmona, C A ~ X Y M  
Ca. Res. add 6% Sales Tax 

Tell 'em you saw it in HAM RADIO1 
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I TOWERS 
by ALUMA #) HIGHEST QUALITY 

a FI. ~ I I I ~ I W ~ .  ALUMINUM 
Crank-Up 
Madel T.IHJH YI sI*I 

STEEL Crh."p 
Medal S H 0 4  

* TELESCOPING (CRANK UP) 
*GUYED (STACK-UP) * TILT-OVER MODELS 
Easy to Install. Low Prices. 

Crank-ups to 100 11. 

SPECIAL . rour&cllon!mn 
Van Mounted CnnkYD 

Aluma Tower 

and steel towers made- 
I specials des~gned and I Hd 1 

A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter Is stan- 
dard. Use with our C H A N -  
N E L I Z E R  or your crystals. 
Priced from $69.95. Matching 
transmitter strips. Easy con- 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built In TONE 
PAD INTERFACE. Priced from 
$29.95. 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $119.95. 

Now available In KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain. Kit price $159.95 Wlred 
and tested. $239.95 
Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 

GLB ELECTRONICS 
1952 Clinton St., B u f f a l o ,  N. Y. 14206 

HAMS FOR CHRIST - Reach other Hams wlth a Gospel 
Tract sure to please. Clyde Stanfield. WABHEG. 1570 N. 
Albrlght, Upland, CA9178S. - 
OSL ECONOMY 1000 512.00 S.A.S.E. for samples. W4TG 
Drawer F. Gray. Georgla31032. 

DlSllNCllVE QSL'a - Largest selection, lowest prlces, 
top quality photo and completely customized cards. 
Make your QSL's truly unique at the same cost as a stan- 
dard card, and get a better return rate! Free samples, cat- 
alogue. Stamps appreciated. Stu Goodman. K2RPZ 
Prlnt, P.O. Box 412. Rocky Point. NY 11778 (516) 
744-8280. - 
FREE SAMPLE Ham Radlo lnslder Newsletter1 Send 
large S.A.S.E.. WSYI. Box (110101.H. Dallas. Texas 75207. 

YAOMNE SAMPLES! For a free list of over 135 mags 
zlnesofterlnga sample copy,send a stamped, addressed 
envelope to: Publlsher's Exchange. P.O. Box 1388. Dept. 
%A. Plainfleid. NJ 07061. - 
VERY In-ter.aal.lngl Next 6 issues 52. Ham Trader 
"Yellow Sheets", POB356. Wheaton, IL60187. 

DX.YOU BETI THE DX BULLETIN - Best weekly DX info 
In the world. For FREE sample copy, send business-size 
SASE to: The DX Bulletin, 308 Vernon Avenue. Vernon. 
Connecticut 06066. - 
STOP LOOKINQ for a good deal on amateur radio equlp 
ment - you've found It here - at your amateur radlo 
headquarters in the heart of the Mldwest. Now more 
than ever where you buy isas Important as what you buy. 
We are factory.authorized dealers tor Kenwood, Drake, 
Yaasu. Collins, Wllson, Ten.Tec. ICOM. DenTron, MFJ. 
Tempo. Regency, My-Gain. Mosley. Alpha. CushCraft, 
Swan and many more. Write or call us today for our low 
quoteand try our personal and friendly Hoosier Service. 
HOOSIER ELECTRONICS. P.O. Box 2001. Terre Haute, 
Indiana 47802. (612) 238-1458. 

UWRADE SUCCESSFULLYI Pass FCC Examsl TRSBO 
owners. 1'11 show you how! KE7C. H-2885 Busby Road. 
Oak Harbor, WA 98277. SASE please. 

CB TO 10 METER PROFESSIONALS: Your rlg or buy 
ours - AMISSBICW. Certified Comrnunicatlona, 4138 
So. Ferrls, Fremont, Mlchlgan 49412; (616) 924-4581. -- 
TRANSMlmER TECHNICIANS - Voice of Amerlca has 
overseas positions avallable at supervisory and oper. 
atlng levels for experienced transmitter technicians. 
Duties Include operation and maintenance of high power 
VOA transmitters and related facilltles. Applicants must 
have 3 to 5 years "hands-on" experience in technlcai 
operation of broadcast. TV or military flxed-station 
transmitters. Must be avallabie on a worldwide basis to 
serve In VOA's radlo relay station system. U.S. citizen. 
ship required. Starting salary commensurale wilh quall- 
ficatlons, plus houslng and overseas allowances. Full 
federal fringe beneflts apply. Quallfled candidates 
should send standard Federal appiicatlon form SF-171 to 
lnternatlonal Communlcat~on Agency, MGTIPDE. 1776 
Pennsvlvanla Ave.. Wash~naton. D.C. 20547. An Eauai 
~ p p o r i u n i t ~  ~ m p ~ o ~ e r .  - - 
QSL'S: NO stock deSlQn8! Your art or ours; photos, 
orlginals, 50C for samples 6 details (refundable). Certl- 
f led Communlcations, 4138 So. Ferris. Fremont. 
Mlchlgan 49412. - 
WANTED: Hlckok 539 Tester. Hlckok CA-5 adaptor, Halli. 
crafter HA.20 VFO. Sell: NCX5MK-2 speaker. AC supply, 
VX501 VFO all manuals, S.A.S.E. answered. Henry Perka. 
18 Warner St.. Groton. CT06340. 

Coming Events 
ACTIVITIES 

COLORADO. The Grand Mesa Repeater Soclety's 
second annual Western Slope Swapfest on March 7th at 
the Lincoln Park Bern. 12th and Gunnlson. Grand June 
Ilon. Colorado. 10:00 AM through 4:M) PM FREE1 Tables 
are 54.00 in advance. Commercial exhlbitors, flea 
market, auctlon and prlzes. Talk-in on 148.221.82. More 
Info: SASE to Larry Brooks, WBOECV. 3185 Bunting Ave., 
Grand Junctlon. Colorado 81501. (303) 434-5603. 

FLORlDk The T m u r e  Coast Hamfest on February 21 
and 22at the Vero Beach Community Center. Admlssion: 
$3.00 per famlly in advance and 54.00 at the door. Talk4n 
on 146.13/73. 146.04164. 146.52152. 222.341223.84. More 
info: P.O. Box W. Beach Station. Vero Beach, FL 
32960. 

I GaAs I 
MGF 1 4 0 0  NF 2.ODB 
AT 4GHZ MAG 1 5DB 

$26.50 

MGFl412NF.BDB 
AT 4GHZ MAG 1 8DB 

S75.00 

I MBOl07 UHF-MICROWAVE 
ND4131 4GHZ NF-5 75 DB 

4GHZ NF- 5 5DB 

I-IF-IF AMPLlrlFR I C 
1 TO400 M C  14 DR GAIN T Y P  

3 TERMINAL IN OUT 6 GROUND $ 7 8 5  

5 1 50 

I SMA CHASSI!; MOLJNT SOUARE FLANGE 8 5 '30 
SMA PLUG FOR HG -50 
SMA PLUG FOR RG-174 5 6 5 7  
TYPE N CHASSIS MOUNT SOUARE FLANGE S 3 20 
TYPE N PLUG FOR RG-91RG-8 1 3 68 

APPI<CJM .I ', 1 '1 0 r U l O  
APPHOX 3 5 x 5 0 r 031 2 

OPEN AT 8PM EST 
LOSED AT 8PM PST 
,,,,,, ,,, ,,,,,,,, , ............................................... ,,,,,, ,,,,,,,mm,r, 

I F  YOU DO NOT SEE 

aK-, 
ORDERS A I 

( COD-VISA-MASTERCHARQL I 
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MElms 
THE TOP 

OF THE LTNE 

HFM-200 with remote direc- 
tional coupler reading 20 or 
200 watts. 3.5-30 MHz. 11- 

authorized dpalers. 

CUBIC 
COMMUNICATIONI,INC. 

305 Airport Rd. Oceanalde. Ca. 92054 
(714) 757-7525 

ILLINOIS: SterllnglRock Falls Amateur Radlo Society's 
2181 annual Hamfest on March 8 at the Sterllng Hlgh 
School Field House. 1606 4th Ave.. Sterling. Illinois. Flea 
market, free parking, many prizes, and much more. 
Doors open at 7:30 AM. For advance tickets and tables 
write: Sue Peters, 511.8th Ave.. Sterling, llllnols 61081. 
Tickets In advance: 52.00. At thedoor. 52.50. Commercial 
tables are $5.00 and all others are $3.00. Talk-in on .52 
and WR9AER ,2985, 

OHIO: lnterclty Amateur Radio Club's Mansfleld Mld 
Winter HamfestlAuctlon on February 15th at the 
Richland County Fairgrounds In Mansfield. Prlzes, flea 
market. large heated building and more. Starts at 6:00 
AM. Talk-in on 146.341.94. Tickets: $1.50 In advance and 
52.00 at the door. More info, tickets, andlor tables: SASE, 
Harry Frietchen. 120 Homewood Rd.. Mansfleld. Ohto 
44908. (419) 5242801. - 
VIRGINIA: The Vienna Wireless Soclety. Vienna, 
Virginia, announces the annual WINTERFESTTM 
hamfest to take place this year on February 22, 1981. It 
wlll be held at the usual place, the Vienna Community 
Center on Park St. In Vienna. VA beginning at 6 AM. 

WEST VIRGINIA: The Plateau Amateur Radio Assocla. 
tlon's 3rd annual Hamfest on February 15th at the 
Memorial Building In Fayettevllle. Doors open at 9:00 
AM. Admlsslon: $2.50 (children free) and flea market 
tables are 52.00. Hot food, free parking. A.R.R.L. dlsplay, 
forums, exhibits, door prizes, XYL programs, and more. 
All aclivlties indoors. Talk-in on .52 or ,19179. More info: 
Bill Wilson. 302 Central Ave., Apt. #2. Oak Hill, WV 25901. 
(304) 4699910 or 574-1 176. 

IOWA: The Davenport Radio Amateur Club's tenth an. 
nual Hamfest on March 1st at the Davenport Masonic 
Temple at 7th and Brady (Hwy. 81) from 8:W AM to 400 
PM. Over $2000.00 in major prlzes. Tlckets in advance are 
52.00 and 53.00 at the door. Talk-in on the WBBXFURPT at 
146.281.88. Hotel discounts available. Food and drink. 
Pre-Hamfest Saturday night banquet with guest speaker 
Paul Grauer, midwest A.R.R.L.. S.C.M. Banquet tickets: 
$0.00. Paid reservations for banquet by February 18th. 
For advance tickets, dinner, table reservations or Info: 
Dave Johannsen, 2131 Myrtle. Davenport. Iowa 52BM. 

MICHIGAN: The 11th annual Llvonla Amateur Radio 
Club's Swap 'n Shop on February 22 lrom8:00 AM to 4:00 
PM at the Churchill Hlgh School In Llvonia. Plenty of 
tables, door prlzes, refreshments and free parking. Talk. 
In on 146.52 simplex. Resewed table space available. 
More info: send SASE (4x9) to Neil Coffin, d o  Llvonia 
A.R.C., P.O. Box 2111. Livonia, Michigan46150. - 
MISSOURI: The Jefferson Barracks Amateur Radlo 
Club's annual auction and Hamfest on March 13th at the 
Electricians Hall. 5850 Elizabeth Ave., St. Louis. More 
info: SASE Vlvian K. Scott, WDBEMS. 4121 Fabian Dr.. St. 
Louis. Missourl63125. - 
NEW JERSEY: The Delaware Valley Radio Aseoclatlon's 
ninth annual flea market on March 15th at the New 
Jersey National Guard 112th Fleld Artillery Armory. 
Eggerts Crossing Rd.. Lawrence Township. Advance 
tickets: $2.00. $2.50 at the gate. lndoorloutdoor flea 
market, prizes, refreshments and more. Talk-in on 
146.07187 and 146.53. More info or tlckets: DVRA. P.O. 
Box 7024, West Trenton, NJ 08628. SASE please. 

NEW JERSEY: Annual Flemlngton. N.J. Hamfest Satur- 
day. March 21 from 8:30 to 3:00 at the Hunterdon Central 
Hlgh School Fleld House. 20.000 square feet of heated 
Indoor area. Gigantic flea market, 200 tables. major 
manufacturers, informative semlnan. Bring the XYL, 
kids and friends. Flemington IS a tourist area. Talk in 
146.52. 147.375. 147.015. 224.12. Admission $3.00 dona- 
tion. For resewations or info call 201-788.4080 or write 
Cherryville Repeater Assn. d o  W2FCW. Box 76. F a ~ l e w  
Ave.. Annandale. N.J. 08801. 

INDIANA: The LePorte ARC'S "Wlnter Hamfest" on 
February 22 at the LaPorte Civic Auditorium. 50 mlies 
southeast of Chicaao. Donations: 52.50 at aale and 52.00 
in advance. Talk-in i n  .011.61 and .52 simpiex. More info: 
LPARC. Box 30. LaPorte, lndlana 46350. 

OPERATING EVENTS 

FEBRUARY 14 md 15 starts off the phone portlon of the 
YL-OM contest. The CW segment wlll be on February 26 
through March 1. Both contesta start and end at 1800 
UTC. They are to be treated separately and separate logs 
are to be kept. OMS call "CQ YL" and YLs call "CO OM". 
All logs must show ARRL section or country to qualify 
end must be signed by the operator. No logs wlll be 
returned. Logs must show clalmed score and be sent to 
YLRL Vice President. Kay Eyman. WAWOF, RR #2. 
Garnett. KS 68032 no later then April 6. Duplicates 
penallzed by the removal of three contacts. 

July 25 thru August 7,1981 
Our 22nd year I 

Have trouble finding time to study for 
Upgrading? Do it on your vacation at the 

OAK HILL ACADEMY RADIO SESSION 
in the 

Blue Ridge Mountains of Virginia 
Two weeks of intensive Code and Theory 
Study starting at your level. 

Novice to General 
General or Technician to Advanced 
Advanced to Amateur Extra 

I Expert lnstmctors - Friendly Surround- 
ings - Excellent Accommodations. 

Ham Lab set up for all to use. I I "A Vacation with a Purpose" I 
?-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  

I C. L. PETERS. K4DNJ. Director 
I 
I 

I Oak Hi l l  Academy Amateur R a d ~ o  Session 
I Mouth o f  Wilson, Virginia 24363 ! 

Name -__-.____.- Call- 

I Address. . 
I I -- 

: City/State/Zippp- I --- L 
?-----------------------------------I 

; prodtlcl\ nvtbr IUI nlanuladllrpndls 1 -  - 1 3  ', WWk$ lrlln111~s Includrs prlcps spctl~cal~m am 
\ .  p1m.13 d l r , m a n .  trmsnnnn 

I . %  
~ I ~ C P I V I ~ ~ S  anlPnnaS lowm lllnrn pomr 

--- - --2 SIIII[IIIPS mlcr~tllhnps mews tpym IFS 
qmr SSTV ATN VFO's xd urn* NO ham lhl~rary IS cnlnplPlP WIIMI 
currenl erltlim d ha Onmy BONUS Includd with path pdlllm a a 
Irm newsletler mntalnlnq the la1151 prtca anrl prodltcl lnlmrndl~m 
Ordo ynur mgy Way1 Ail payments mlsl k In U S lxlrrenqdr,lwnm1 
US Bank Prim inr the 1%I Edlllm arc as lnllnws llncludps pmw 

I & handllnqt U S  & Canada S695 U S  & Canada Fin1 Class Si 95 
Faclqn lA~rlSlOm Also a cn~nplr~lp sd ol 78 79 80&8I O~rmlor~ps a 
anllallle lor S15m I U S  8 Cnrndal S?lm IForerrm Alrl 

nEWaORE CORP. DEPT.H 
b.Z?A,MES AVE., KENDALL PK.,N.J. 08822, 

I COPY SATELLITE PHOTOS. 
WEATHER MAPS, PRESS! 

The Faxs Are Clear - on  our ful l  s u e  (18-112" 
wide\ recorders Free Fax G u ~ d e  I 

1 RTTY MACHINES. PARTS. SUPPLIES I 

NOT A 
SUBSCRIBER? 

DO IT TODAY! 
Use the handy card between 

pages 2 & 3 
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OCTOBER a iwo - OCTOBER n. iwi: m e  New mrn 
Amateur Radlo Club is sponsoring "The Swiss Bear 
Award." This award Is given for working three different 
amateur stations in the New Bern area within the above 
time period. Extracts from logs for OSO's, along with a 
SASE or two IRC's (for DX stations) should be sent to: 
New Bern Amateur Radlo Club. Inc.. P.O. Box 2483, New 
Bern. NC 28560. Certificate depicting "The Swiss Bear" 
will be awarded stating that the station has met the 
requirements for this award. 

ronl~s' all n 
reading. . --- It i 

FEBRUARY 22nd - 28th: The Slmon Langton Grammar 
Schools in Cariterbury. England, wlll be celebrating the 
100th anniversary of the founding of the school in 1881. 
A special events station, active on all HF bands under 
the call GBISLS, will be used. It is hoped that many past 
puplls of  the school will be contacted; especially 
licensed Amateurs now residing in the United States. 
Anyone interested in making a sked should contact: 
G4BBW, 40 Virginia Rd.. Tankerton, Whitstable, Kent or 
G3LCK d o  G3OSL. Simon Langton Grammar School for 
Boys. Nackington Rd.. Canterbury. Kent. England. 

MARCH 14th: The Edison Radio Amateur's Association 
Is celebrating Its 40th anniversary by hostlng a OSO 
party. The ERAA group will operate from a commemor* 
live statlon at "Station A in Greenfietd Vlllage. Dear. 
born. Mich(gan. This was Thomas Edison's first power 
generating station. Contact ERAA and exchange signal 
report state info. OSL with business size SASE and 
receive a handsome two color certificate to: Detrolt 
Edison Radio Amateur's Association. 2000 Second Ave.. 
Detroit. Mlchigan 48226. - 
MARCH 14th: The Playground Amateur Radlo Club 
(PARC) of Fort Walton Beach. Florlda, will operate a 
special event station at the 1981 Boy Scouts of America 
- Choctawhatchee Dlstrict Scout Exhlbltion. PARC 
members wlli operate ARS WB4SFU (Scouts For Unity) 
from 0000 to 2400 hrs UTC. 14 March. 1981 on 14.290 
MHz. 21.370 MHz, and 28.600 MHz SSB. A special corn. 
memorativeOSL card wilt be sent to those who OSL wlth 
a SASE. The OSL manager IS PARC, d o  Joe Giangrosso. 
WD4JZG. P.O. Box 3075. Fort Walton Beach. FL 32548. 

CENTURY 21 ARC - Low power - ORP'enr - CW nets 
- Contests - Awards - SASE KA4EBW. 

from CURTIS 
EK.480: C-MOS Deluxe Keyer 

+ EK.480M: Above plus speedm 
.............................. + 1480: InstructoMate 

* M 4 0 :  MemoryMate ........... 
lM-480: Inslructo-MemaryMat 
KB.480: Morse KeyboardMste 

+ KB.4900: Morse-RTTY keybM 
Above prices FOB 

8014. Kayer-On-A-l 
80SC3: IC. PCB. St 
80444: Semi-Kit . 

'8M4M (In 
EM5 Morse Keyboaro-un-n-bn11 
BM51: IC. PCB. FIFO. Sockets.. N 

..................... 8045-2; Semi-Kit 
8MB: Instructokeyer-On-A-Chip I 

..................... 8(W&1: Semi-Kit 
........... 8D47: Message Memory-On-A-Ch., ., 
........ 8047.1: IC. PCB. RAM. Sockets. Manual 

In kih lor palqs and htndllngl 

;hip (ARRL Hdbl  
~ c k e t  Manual 
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MINIATURE CW 
STATION IDENTIFIER 

' I 

I d ' ' Y  
.. . -. Standard S 42.95 

.. Chrome 5 52.95 I w Gold plated $150.00 
n 4 

the 
UlHmate 
IAMBIC 
PRDDCE 
WRITE FOR LITERATURE 

333 W. Lake Street, Dept. A 
Chicago. Illino~s 60606 (312) 263-1808 

Full range of adjustment in 
tension and contact spacing. 

Self-adjusting nylon and steel 

needle bearings. 

Gold plated solid silver contact 

points. 

Polished lucite paddles. 

Precision-machined, chrome 

plated brass frames. 

Standard model has black. 
textured finish base: deluxe 

model is chrome plated. 

Heavy steel base; non-skid feet. 

At selected dealers or add $2.00 
handling. Quotation for overseas 

postage on request. 

- .  . . . I I :.. ' 

G O  MOBILE WlTH YOUR H.T.!- 
- .- &.' 

We are the U.S. distributor for c 
MlTSUBlSHl 

MGF FETs 
lheallordable GaAs Fels wlth the besl 

pr~celperlormance ratlo ava~lable 
VHFthrouqh l2GHz 

1400 - $28 30 1400A $39 I 5  
1402.~50oo 1412 57500 1403.~13500 Handi-Tek Regulator A ~ S  

Shlpped lrom S ~ O C ~  CONTINUOUS HAND-HELD OPERATION 
Quant~ty discounts ava~lable PROM AUTO M: OR M S E  SUPPLY WITH 

-. -- .m,.u-mna.a.n m.-Am- NO NI-CAD DRAIN. MOEEL K - T R 2 4 0 0  
ALDU: OVU~LUVI' I I I  Y I V U S ~ .  

low loss PC lamtnates. PODEL Y 1 F T - 2 0 7 ~ .  FK 11, MK I V  
assembled preamps KODEL T - S I M P L E  MOD FOR TEMPO 

From lhesourcp 
S-1, S-2. S - 5 .  GUARANTEED. 

APPLIED INVENTION 
$19.95 P P D  I N  U S A .  CAL ADD 8 1 . 2 0  

RD2 Rle. 21 ORDER DIRECT OR SEND FOR SPECS... 
HILLSDALE. N.Y. 12529 HANDI-TEK 

P.O. BOX 2205, LA PUENTE, CA 91746 
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MODEL-97813 - NOW $74.95 
COMPLIES WlTH NEW FCC RULES. PARTS 89.91.93.95 
MULTI-MODE OPERATION: MANUAL. SEMI-AUTO 
AN0 AUTO 
MlNUAL MODE - A  pushbunon sw~tch Irlggers lhs Men 
I~I er wmCh keys Ihe Iransmlller lor the Ourallon of the I0 
cyc e 
SEMI-AUTO MODE -The P l l  IIm activates the ID'er 11 Ihe 
repeal ~nlerval llms has elapsed and keeps the lransmifler 
keyed lhroughoul Ihe duratm of the I0 cycle 
AUTO MODE - The ldenl~tmr w~ll key Ihe trammlner and 
lo every !!me the repeal Interval llme has elapsed 
CONNECTS DIRECTLY TO MICROPHONE AN0 PTT 
INPUTS OF MOST TRANSMITTERS MINIATURE SIZE 
M A K E S  IT FEASIBLE T O  MOUNT INSIDE T H E  
TRANSMITTER 
PROGRAMMABLE CODE SPEED. TONE. AND 
REPfAT TIME 
ADJUSTABLE CODE AUDIO LEVEL 
PREPROORAMMED MEMORY ELEMENTS - 
254 OR (510 BIT) (OPTIONAL) 
SIZE - 1 X 4 INCHES 
INCLUDES SWITCHES. WIRING AN0 INSTRUCTION 
MANUAL 

MODEL 97813 -NOW ONLY S74.95asssmbled 6lssW 
MODEL 11185 - Beacon CW ID'sr w ~ l h  rogrammable cod8 

speed great for 1750 mslsr band 2!4 bl! mema 510 
b!l opllonal 1.3 r 2.0 PCB LIST PRICE t?4.%lkll. 
S34.95/asssmbled 

All orders must bs prepaid or C.O.D. allow Iwr wwks 
dellvery CA res. add sales tax. Additional preproprammed 
memory elemenls available, Include 53 00 shpglhdlg on 
U S . 15.00on Fonlgn orders. One year warranty 

S m c u r i t r o n  Co. 
P.O. Box 32145 San Jose, CA 95132 

Phone (408) 2948383 

2300 MHz 01 
UNIVERSAL COMMUNICATIONS I DEBORAH and STEVE (WBIKGLI I .- ---, 

KNOWN AS THE STOP SIGN BOARO. THIS 
2300 MHz DOWN CONVERTER KIT WORKS. 
THE IMPROVE0 BOARO EVEN MAKES IT 
BETTER THAN BEFORE SO WHY PAY 

TWICE AS MUCH? 

Kit supplied with an &page brochure, PC 
board. Dlodes. Chip Caps, Tmnrlstors, and 
a11 parts to complete a working board ... 

$38.50 ,, 
SUPPLIES AVAIL. 

Money Order or Chock. Mall or phone 

UNIVERSAL COMMUNICATIONS 
P.O. BOX 6302, ARLINGTON, TEX. 7601 1 

81 7-265-0391 

. J 

COMM AUDIO PROCESSOR 
: ( L f C I  I ?  DOLE i i l l C t - 6 l l T f P  01 v Poll 1111 IMr R:. f l i 1 t P  
V.l l ,< I f l t C T l B L t  FLAT SK lV lS .  ADJd5 lABLL 1ONf-TAG Ar:O 
Ai~ll-PHAIIC V . Y I I I  t:01SL - A L L  IN I . L ~ l ~ E 5 ~ Z t D  SIPIAUQAL 

I.. HR Jon.'O.COMPLtlE SYSlEM.KIlS.IOAI)OI - BROCHURES 

Hildreth Engineering 
P.O. Box 60003 Sunnyvale. CA 94088 
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ELECTROMICS Are you into of Take these all 5 
fascinating, 

I 

DX. HAM info-packed books 

SWL CLUB for $29 5 
Communications, QSLs, or OSCAR? 

If you're into hamming, this is THE has-everything reference library. . . 
from troubleshooting to 10-meter FM to receivers, transmitters, repeat- 
ers, and antennas. And you can get in-the-know today by joining the 
Electronics Book Club. Start saving now with discounts up to 75°/0 on 
hundreds of fact-filled volumes . . . PLUS special Members' Bonus 
Renefi ts!! 

Blue Ridge Summit, PA 17214 
Reduced Member Prices. Save up to 75% on books sure to Please accept my Membership in Electronics Book 

increase your know-how. Club and send my 5-volume Amateur Radio Library, 
Satisfaction Guaranteed. All books returnable within 10 plus a free copy of OSCAR: The Ham Radio Satellites 

days without obligation and the 1981 Electronics Projects Calendar, all for 
Club News Bulletins. All about current selections--mains, $2.95 (plus shi pinglhandlin ). If not satisfied. I may 

alternates. extras-plus bonus offers. Comes 13 times a year return the b o o k  within ten fays  without obligation 
and have my Membership cancelled. I agree to pur- 
chase 4 or more books at reduced Club prices during 
the next 12 months, and may resign any time thereaf- 

advantage of sales, events, and 
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\ 
- 7  Kitty says 'is We By cannot George! tell a 

" lie. Barry's has the 
, best deals going! 
Here are our 
Washington's 
Birthday Specials! 
The outstanding FT-707, 
FT-902 DM or consider the 
FT-107 M or the FT-1OlZD 

FT 720 RVH, 25 watts, 2 meter transceiver. FT 
720 RU, UHF transceiver. FT 480, 2 meter, all 
mode, 30 watts. 

FEBRUARY FEATURES 
COLLINS KWM 380 

and accessories for all major lines 
ASTRO 103 plus wattmeters 

MIRAGE 2M amplifiers MURCH UT 2000B 
It's Barry's for the Drake TR/DR-7 and R-7 
CW Ops - we've got NYE keys, Vibroplex 

and Bencher paddles 
ICOM 720 All-Band HF 

AND THERE'S MUCH MORE! 
Bearcat Scanners, HyGain Antennas 2 m 
beams & mobile, 18AVT/ WB and Rotators 
BARRY'S HAS HAND-HE 

Yaesu FT-207R 
Santec HT-1200 
lcorn IC-2AT 

BARRY'S HAS TUBES - 
3-500's, 572's, 6146's a ore 

BARRY now carries the ALPHA 76PA 
with three 8874 tubes, 2,000W PEP 
Just arrived - Kantronics 

"MINI READER." 
Our lines include: 
AEA ' CUSHCRAFT ICOM SWAN/CUBIC 
ALUANCE DSI KLM TEMPO 
ASTRON DENTRON KANTRONICS TRI EX 
AVANT1 DRAKE MFJ VHF ENGINEERING 
B&W ETO MIRAGE WACOM 
BIRD ElMAC MURCH YAESU 
COLLINS ENCOMM ROBOT AND MORE 
COMMUNICATIONS HUSTLER SHURE 

SPECIALISTS HY GAIN STANDARD 'Ask us for details 

BUSINESSMEN: Ask about BARRY'S line 
of business-band equipment. We've got it! 

Amateur Radio License Classes: 

Wednesday & Thursday: 7-9 pm Saturday 10 am-Noon 

' ~ 0 ~ 1  SE The Export Experts Invite Overseas ordzrs 1 HABLA ( - We Ship Worldwide 
ESPANOL [~]kl 

BARRY ELECTRONICS 
512 BROADWAY, NEW YORK, N.Y. 1 0 0 1 2  

TELEPHONE (2 12) 925-7000 
\ TELEX 1 2 - 7 6 7 0  J 

WHY GET ON FAST SCAN ATV?  
You can send broadcast quality v~deo of home movies, video 
tapes, computer games, etc, at a cost that is  less than sloscan. 
Really improves public service communications for parades, 
RACES, CAP searches, weather watch, etc. 
DX is about the same as 2 meter simplex - 15 to 100 miles. 

A L L  I N  ONE BOX 
. . . .  TC-1 Transmitterlconverter 

Plug in  camera, ant., mlc, and T V  

. . . . . . . . . . . . .  below $399 ppd 

PUT YOUR OWN SYSTEM TOGETHER 

TXA5  ATV Exciter contains 
video modulator and xtal on 434 
or 439.25 mHz. Al l  modules 

. . . . .  wired and tested $ 8 9  ppd 
P A 5  10 Wan Linear matches 
exciter for good color and sound. 
This and all modules run on 
13.8 vdc. . . . . . . . . . .  $ 7 9  ppd 
TVC-2 Downconverter tunes 
420 to  450 mHz. Outputs T V  
ch 2 or 3. Contains low noise 
MRF901 preamp.. . . . .  $ 5 5  ppd 

PACKAGE SPECIAL all FMA5 Audio Subcarrier adds 
four modules $ 239 ppd standard TV  sound to  the 

picture . . . . . . . . . . . .  $ 2 9  ppd 

SEND SELF-ADDRESSED STAMPED ENVELOPE 
FOR OUR LATEST CATALOG INCLUDING: 

Info on  how t o  best get on ATV, modules for the builder, 
complete units, b&w and color cameras, antennas. monitors, 
etc. and more. 20 years experience in ATV. 
Credit card orders call (213) 447-4565. Check, Money 
Order or Cred~t Card bv  mall. 

HUSTLER ANTENNAS 
5BTV 5-Band trap vertical 10-80 m., reg. $139.95.. .. $125.95 
4BTV . 4-Band trap vertical 10-40 m.. reg. $109.95. ... 98.96 
BM-1 Bumper mount, reg. $18.95 .................. 17.06 

. MO-1 Mast, fold-over, deck mounting, reg. $22.95.. 20.66 

. MO-2 Mast, fold-over, bumper mount, reg. $22.95.. 20.66 
RM-75 Resonator. 75 meters. 400 watt, reg. $18.95.. . 17.06 
RM-40 Resonator. 40 meters. 400 watt, reg. $16.95 ... 15.26 
RM-40s Super resonator. 40 meters. KW, reg. $24.95.. . 22.46 

. RM-20 Resonator. 20 meters. 400 watt, reg. 614.95.. 13.46 
.. RM-20s Super resonator.20 meters. KW, reg. $21.95.. 19.76 

RM-15 Resonator. 15 meters. 400 watt, reg. $10.95.. . 9.86 
RM-10 Resonator. 10 meters. 400 watt, reg. $10.95 ... 9.86 
CG-144 Mobile2 meter col~near, wlo mount, reg. $28.95. 26.06 

.. CGT-144 2 meter colinear w/trunk mount, reg. $45.95.. 41.36 

PALOMAR ENGINEERS Price ~ h p g .  

....................... R-X Noise bridge $ 55.00 $2.00 
........................ VLF Converter.. 59.95 2.00 

I K Toriod balun. 3 KW SSB. 1:1 or 4:l.. .. 32.50 2.00 
2K Toriod balun. 6 KW SSB. 1:l or4:l.. .. 42.50 2.00 
I C Keyer, battery operated ............. 11 7.50 3.00 
Loop Antenna. plug-~n units. 160180. BCB. VLF. 47.50 2.00 

............................... Loop Amplifier 67.50 2.00 
.. Tuner - 10-60 meters, built-in noise bridge.. 299.95 6.50 

......................... CW Filter. 8 pole IC.. 39.95 2.00 

ALSO I N  STOCK 
Antenna Components Larsen Antennas 

Centurion International Rubber Duck Antennas 

WRITE FOR A FREE COPY OF OUR CATALOG 

MASTER CHARGE VISA 
All items F.O.B. Llncoln, $1.00 minimum shipping. Rices subject to change 
without notice. Nebraska residents please add 3% tax. 

g & C Communications 
730 Cottonwood Lincoln, Nebraska 68510 
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HIGH STABILITY 
CRYSTALS FOR 

FREQUENCY -Lu 
OR TIME JJXL 

USE THE BEST 
BUY 

JAN CRYSTALS 

CB 
CB standard 

~ a r i n e v ~ ~  
Mlcro processor crystals 

Send lo r  for our la test  catalog. 
write orphone f or  more details. 

Jan crystals 
PO. BOX 06M7 

Ft. Myers. Florida 33906 
all phones (8l31936-2397 

easy to  charge 

I 

;ends Ma 
rom keys . . 

KB-c 
Wr 

CURTIS - m. 

Irse. Bauc 
or Morsc . -... 

jot and A 
? from pal ... a .  . Also ranaom LW wltn I l sn  .-. 

practice. Meters for speed and 
buffer. Message memories, edit- 
ing, all prosigns. 110 Baud ASCII, 
45.45 Baud Baudot. C ~ n t i n ~ * ~ ~ ~ @  
control of speed, 
and volume. PTT, 
Automatic time and 

4900 
tte fo r  information: 

I ELECTRO DEVICES 
I~CORPORATED 

BOX 4090 l!!!r=- 
MOUNTAIN VIEW, CA 94 
TELEPHONE (415) 494-7 

weight, I 
KOS cor 

I serial no 

#SCII 
ddle. 
: fnr 

UVU* 

pitch 
itrol. 

Want a new skill to call your own? 
Then learn TV and audio servicing 
with at-home training from NRI. 

You can learn to service and repair TV, stereos. 
electronic musical instruments and amplifiers, car 
and portable radios, record and tape decks, the new 
video disc and tape players. almost any kind of elec- 
tronlc home entertainment equipment on the mar- 
ket And as you take NRl's Master Course, you build 
your own 25" (d~agonal) color TVwtth built-~ncom- 
puter programming that lets you preset a whole 
evening's viewing. You also build a solid-state stereo 
receiver with speakers and professional quality test 
instruments you keep and use. 

Designed-for-learning Equipment 
The computerized TV, stereo, and test equip- 

ment you build are not hobby kitsor preassembied 
commercial units with retrofitted lessons. They are 
designed by NRI engineers and inst~ctors to give 
you valuable experience as you build them, rein- 
force theory with practical demonstrations. and end 
UD as fullv owrable. hiah-wrfomance units vou'll 

be proud to have. And only NRI g~ves you "power- 
on" training.. . you introduceand correct problemsin 
live circuits as you learn. 

Build Advanced Technology W 
The NRI 7V you build features the latest invideo 

xience. Its computerized tuner lets you change 
channels at the touch of a button, preset up to eight 
hours of programming, and key lock it i n  to control 
children's viewing. It includes automatic tint and 
chroma controls, automatic degaussing. and autm 
matic fine tuning. ..oversized speaker, built-in digital 
clock, 100% solid-state chassis, modular plug-in 
circuit boards, and the latest development in picture 
tubes with 100" hi-potential focus in-line gun. And 
console cabinet is included at no extra charge. 

Other kits you build include the NRI stereo. 
5" higgered-sweep oscilloscope. digital frequency 
counter. 10-display TV pattern generator, tran- 
sistorked volt-ohm meter, and the NRI Discovety 
Laba for performing additional expenments and 
proving theory. 

Includes Busineas Training 
Your NRI training includes what you need to 

bulld a business of your own. You learn how toset 
up and run a shop.. . billing systems.. . basic book- 
keeping.. . business practices. You can start small. 
even part-time in  your basement or garage. make 
the most of your opportunities to grow into 
independence. 

Free Catalog.. . No 
Salesman Will Call 

NRI does not employ salesmen. You make your 
own decision without pressure, with all the facts i n  
fmnt of you inour free, full-colorcatalog. Itdescribes 
the coune In full, showing all equipment, lesson out- 
lines, and specifics of NRI training. It alsoshows other 
exciting courses like Microcomputers and Micropro- 
cessors, the big world of Complete Communications, 
and more. Mail the coupon today for your copy. 
And see how you can make the most of your talent. 
If coupon has been removed. wnte to: NRI Schools. 
3939 Wisconsin Ave.. Washington. D.C. 20016. 

Servicing 
CB Specialists Course 
Comouter Electronics 
including Microcomputers 

Complete Communicatlons 
Electronics with CB - FCC 
Licenses Aircraft . Mobile 

Marine Electronics 
Dlgtal Electronics 

Electronic Technologr 
Basic Electronics 

Small Engine Repair 
Electrical Ap liance Servicing 
Automotwe hechanics 
Auto Air Conditioning 
Air Cond~tionlng Refrigera- 
tion & Heatinu lncludina 

) Name 
- - 

Age - Solar Technology 
- 

- Paw Rintl , I 
All career c o u m  
approved under GI bill. 

1 1 h e  o r  d l  1 ! - 
) Clty/State/Z(p 

I 

1 Accredited by the Accrodltlng CommMon of the Natlaral Home Shrdy Council 
20.021 ' i  

I 
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$169.95 buys the most economical terminal unit kit available 
today - not the cheapest, but the best for the price. The TU-170 
is a single unit that connects your rig, printer, and computer at 
an economical price. That's a language anyone can understand. 

Flesher Corporation 
P.O. Box 976 Topeka, KS 66601 913*234*0198 
DlrMbutora In Canada and Auatralla 

I Emergency 48 hour service I 
Visa or Mastercharge orders welcome! 

Call or write Cal Crystal NOW! 

CAL CRYSTAL 
California Crystal Lab., Inc. 
1 142 North Gilbert Street 
Anaheim. California 92801 
(71 4) 991 -1 580 

808 N. Main 
Evansville, IN 47710 

TEN-TEC 

546C Omni O/Series C $1000.00 
546 Omni D/Series B 800.00 
580 Delta 750.00 
570 Century 21 310.00 
515 Argonaut 375.00 
280 Power Supply 130.00 
255 Power Supply/Spkr. 145.00 
444 Hercules Amp. 1350.00 

SANTEC HT 1200 $325.00 r 
CUBIC (Swan) 

103 Astro $1 180.00 
102BXA Astro 985.00 
150A Astro 775.00 
lOOMXA 500.00 
PSUGA Power Supply 170.00 
PSU5B Power Supply 155.00 
1500ZA Amp. 525.00 

Write or call Dan, N9APA 

81 2-422-0231 
MOM-FRI 9AM-6PM SAT SAM-4PM 

A BETTER BALUN 
from Barker & Williamson, Inc. 

BROAD BAND BALUNS 
Power Rating 2.5 KW-5 KW PEP 
Frequency Range 3.5-30 MHz 
SO 239 CONNECTOR 

Types Available 
Model BC-1 
50 ohms unbalanced to 50 ohms 
balanced 

Model BC-2 
50 ohms unbalanced to 200 ohms 
balanced 

Model BC-3 
50 ohms unbalanced to 300 ohms 
balanced 

Model BC-4 
50 ohms unbalanced to 600 ohms - -  - 

balanced 
See your dealer or write: 

Barker 8 Williamson. Inc. 
10 Canal Street 
Bristol. Pa. 19007 
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Professionally Engineered Antenna Systems 
Single transmission line "TRI-BAND" ARRAY" 

TMEM/4KWP 

I Eight  character moving display. 
Bui l t - in  code practlce oscillator. 
Excellent fo r  learning Morse Code. 

I Complete - n o  CRT or expensive 
extras needed. 

I 
' 

Decodes audio CW slgnals f rom your  
receiver's speaker and displays letters. 
numbers, punctuation and special Morro 7 j ( ( ~ : ~ ~ , ~ , r  I I characters as the code Is received. 

m 
MORSE-A-WORD K i t  w l t h  4 character readout.. . . . . . . . . . . M A W K 4  $149.95 . 
MORSE-A-WORD K i t  w i t h  8 character readout . . . . . . . . . . . . MAWK-B $169.95 I MORSE-A-WORD wired EL tested w i t h  8 character readout..  . M A W F  $249.95 1 
Send check o r  money order. Use your  V ISA o r  Master Charge. A d d  $3.50 shipplng 

I and handllng for contlnentai U.S. Wisconsin residents add 4% State Sales Tax. I 
I 

Corporation Telephone: (414) 241.8144 9 

I P. 0. Box 513HRH, Thiensvllle, Wisconsin 53092 I 

TUBESTERST" 
Plug-~n, sol~d state lube replacements 

S-line performance-solid state! 
Heat  dissipation reduced 60% 

Goodbye hard- to- f ind tubes 

99.99 Turns 

Handy Logging Area 
U n l ~ m i t e d  equipment  l i fe 

TUBESTERS cost less than t w o  tubes, 
and are guaranteed for  so long as y o u  own 
your  S- l~ne .  

SKv'lEC Wri te or phone  for 
Box  535 specs and prices. 
Talmage, CA 95481 (707) 462-6882 
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w 
I NOW get 
I "real capabilities" 
in audio filtering! : I 

I b 8 -  . 
I I 
I Signal EnCOrceF $169.95 I 
I The Kantronlcs Signal En- ( 

forcer is a high-quality dual I filter that gives you greater I I capabilities in audio filtering. I 
Here is  what Dennis W. 

I Phillips, KAPRUL, of Orlando, I 

i i~ter. I really like it. Tops! 
I opted to buy a speaker I 

and baffler and your audio I 
filters, so for a little more I 
got some real capabilities in 
audio filtering. 

I 
I like it ... Thanks for a good 

I 
product. I had them take the I 
top off of the filter and com- I pare It wlth thetother brand 
of) dual filter. Well you have 
It made hands down. That 
comparison alone would sell I 
anyone on KantrOniCS. ~ o o d  
workmanshipl !I i 

The Varlfllter, a single audio I 
filter, is an exact duplicate of 
one signal Enforcer filter and is I 
built with the same highquality I 
workmanship. Both models are 
variable in frequency and band- i - 
width. 

The sianal Enforcer and I 
varifilter also feature built in I 
115-230 vac power supply, con- 
stant bandwidth (regardless of I 
frequency), audio amplifier, I 
computer grade parts and 
precision potentiometers. In ad- I 
dition, the Signal Enforcer in- I 
cludes a demodulator output. 

If it Is high-quality, expand- I 
ed capabilities and fine work- 
manship you are looking for, I 
the signal Enforcer or varifilter is I 
your best bet. I 

: K$ Kantronics 3 
I (91 3 )  842-7745 I 

I 1202 E. 23rd street I 
I Lawrence, Kansas 66044 1 



Reduce QRM with improved IF selectivity 
T h e  XF-9B c r y s t a l  f i l t e r  i s  t h e  hear t  o f  good ,  m o d e r n  rece ive r  
( a n d  t ransceiver)  des igns .  I t  i s  u s e d  b e t w e e n  t h e  m i x e r  s t a g e  a n d  
t h e  I C  I F  a m p l i f i e r  s t a g e  t o  s u p p r e s s  a d j a c e n t  c h a n n e l  i n -  
te r fe rence  b y  over  100 dBs.  -*-- I XF9B I.C. IF XF910 DET. 

AMPL. 
T h e  XF-9B c a n  a l s o  b e  u s e d  t o  u p g r a d e  o l d e r  rece ive r  d e s i  n s  
w h i c h  u s e  v a c u u m  t u b e  o r  d l s c r e t e  t r a n s i s t o r  I F  a m p l i a i e r  
s tages.  P R I C E  $68.80 p l u s  s h i p p i n g .  
Speci l lu t lon XF.90 
Center Frequency 9.0 MHz Shape Factor 6:60 dB 1.8 
Bandwidth 2.4 KHz 6:80 dB 2.2 
Passband Ripple 42.0 dB Ultlmate Attenuation 100 d B  
lnsert~on Loss 43 .5dB Terminatlons: 500ohms 

Funor) lnauirien Invited 30 PF 

1296 MHz EQUIPMENT 
Announcing the new 1296 MHz units 
by Microwave Modules. 

LOH Yo#\e HLLI V L  Convrrlrl MMk12% 144 
L o u  Not5e H t l  tVt Prearnpl~l~er MMa1296 
LOW POWPI I I l t A R  IRAN5V tRTER MM11296 144 

nu* MI our IO~YIU 1290 MHZ onems ~ m n a n  IYI-8 IWS 

TRANSVERTERS FOR ATV 
OSCARS 7,8 & PHASE 3 

Transverters b M~crowave Modules and other manufacturers can convert your 
exlstlng Low ;and rlg to operate on the VHF & UHF bands Models also 
ava~lable lor 2M to 70cm and lor ATV operators trom Ch2/Ch3 to 70cms 
Each transverter contalns both a Tx up-converter and a Rx down-converter 
Wrrte for detalls ol the largest select~on avallable 
P r l c e s  s t a r t  at $199.95 ~ l u s  $3.50 ShlDDlIIcl. 

Attent~on owners of the or1 lnal MMt432 28 models Update your transverter 
to operate OSCAR 8 & PHA& 3 by addlng the 434 to 436 MHz range Mod k ~ t  
lncludlng full lnslructlons $26 50 plus $1 50 shlpplng etc 

ANTENNAS (FOB CONCORD, VIA UPS) 
144.148 MHz J-SLOTS 
8 OVER 8 H O R I Z O N T A L  POL. + 12.3 d B d  D W 2 M  $55.95 
8 B Y  8 VERTICAL POL. DW2M-VERT. $85.60 
8 + 8 T W I S T  8XY12M $57.75 

420-450 MHz 
M U L T I B E A M S  

For local .  DX, OSCAR, 
a n d  A T V  use. 

48 EL. G A I N  + 15 .7dBd 7 W M B M 4 8  $89.95 
88 EL. G A I N  + 18 .5dBd 701MBM88 $95.95 
UHF LOOP YAGlS 
28 L O O P S  G A I N  + 2 0 d B i  50-ohm, T p e  N C o n n e c t o r  
1250.1340 M H z  1 296.LY 8 llt. b o o m  $59.70 
1650-1750 M H z  - 1691-LY 6 ft. b o o m  S64LO 
Sena 30c ( 2  starn~sl tor full deta~ls 01 KVG cwstal ~roducts and all vour VHF 6 UHF  QUID- I , . 
men1 requirements 
Pre.Selector Fdtets Amplrlwts SSB Transwrtsrs 
Varactor Trtplers Crystal Frltsrs FM Transwners 
Decade Pre Scalers Frequency F~ltsrs VHF Conveners 1x1 
Antennas Oscrllator Crvslals UHF Conveners 

ANTENNA BOOKS by Bill Orr, W6SAI 
A L L  A B O U T C U B I C A L Q U A D  ANTENNAS 
The cublcal quad antenna IS consldered by many to be the best OX 
antenna because 01 11s srmple, llghlwe~ght des~gn and h ~ g h  per- 
formance In Bill Orr s latest edttron of t h ~ s  well known book you'll flnd 
quad des~gns tor everyth~ng from the slngle element to the multt- 
element monster quad, plus a new hlgher galn expanded quad (X-0) 
des~gn There s a wealth 01 supplementary data on constructlon. 
feedrng, tunrng, and mountrng quad antennas I t 's  the most com- 
prehenslve s~ngle e d ~ t ~ o n  on the cublcal quad avallable 11 2 pages 
ci 1977 

RP-CQ Softbound $4.75 
T H E  RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr, W6SAI and Stuart Cowan, WZLX 
If you are ponderrng what new antennas to put up, we recommend you 
read this very popular book It contalns lots of well tllustrated construe. 
tlon projects lor vertlcal long wlre and HF/VHF beam antennas But, 
you'll also get lnformat~on not usually found In antenna books There 1s 
an honest judgment of antenna galn Ilgures, lnformatlon on the best 
and worst antenna locat~ons and helghts, a long look at the quad vs 
the yagl antenna. tnformat~on on baluns and how to use them, and 
some new tntormat~on on the rncreasrngly popular Sloper and Delta 
Loop antennas The text IS based on proven data plus practical, on-the- 
alr experlence We don t expect you'll agree w ~ t h  everything Orr and 
Cowan have to say, but we are convtnced that The Radio Amateur 
Antenna Handbook wlll make a valuable and often consulted addrtlon to 
any Ham s l~brary 190 pages C11978 

RP-AH Soft bound $6.95 
BEAM ANTENNA HANDBOOK 
Here s recommended readlng lor anyone thrnklng about puttlng up a 
yagl beam this year It answers a lot of commonly asked questions llke 
What IS the best element spacing? Can d~flerent yagl antennas be 
stacked wrthoul losrng perlormance? Do monoband beams outperform 
tr~banders? Lots of constructlon prolects, d~agrams, and photos make 
readlng a pleasurable and lntormatlve experlence 198 pages @I977 

RP-BA Softbound $5.95 

Please add 61.00 to cover shipping and handling. 

HAM RADIO'S BOOKSTORE 
GREENVILLE, N.  H.  03048 

durlng ;ontesis, a frequency'spec- 
trum chart. calls~gn pretlxes and 
much more Thls 1s unquestlonabty 

,- the best log book value anywhere 
80 pages r 1978 Splralbound 

I Send check, mone order or credit r card information p us $1.00 shipping to: 
I 

Ham Radio's Bookstore 
Greenville, NH 03048 

1 a february 1981 
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I Code reading I 

The JR. MONITOR 
The JR. MONITORTM has it all 
wrappsd up In one neat pack. 
age All metal cablnet 5 % "  w 
X 2%'' h X 6"d Thlnk ol the 
unlimited posslbllltles you'll 

1 A code reader can add to  the I 
fun of ham radio by allowing I 

Some code readers only copy 1 I one or two types of signals, but I the KantrOniCS Field Day 2 tm ( 
allows you to Copy RTTY at 60, 

PRETUNED - COMPLETELY FOR ALL MAKES 6 MODELS OF AMATEUR 
TRANSCEIVERS - TRANSMITTERS - ONLY ONE NEAT SMALL The Field Day 2 even has an I 

UP TO 7 BANDS! EXCELL GUARANTEED FOR 2000 WATTS S S B  
CESTED HOUSING AREAS - 1000 WATTS CW. INPUT FOR NOVICE AND editing program to improve I sloppy Morse. YOU get more of I 

the message and fewer illegal I I character signs than with other 
( code readers. With a Field Day 2 1 

you also get a 24-hour clock, 

Deluxe - Ready to Assemble 
Designed with angled rear shelf for your 
viewing comfort and ease of operation. 
FINISHES: Walnut or Teak Stain. 
Floor Space: 39" Wlde by 30" D w p  

Additional lnformatlon on Request. 
Checks. Money Orders. BankAmericard 

and Master Charge Accepted. (91 3) 842-7745 
F.O.B. Culver City. (In Calif. ~ d d  6% Sales Tax.) 1202 E. 23rd street 

More Details? CHECK-OFF Page 98 february 19B1 85 



Ham Radio's guide to help you find your local I 
Arizona 

POWER COMMUNICATIONS 
CORPORATION 
1640 W. CAMELBACK ROAD 
PHOENIX, AZ 85015 
602-242-6030 or 242-8990 
Arizona's #1 "Ham" Store. Kenwood, 
Yaesu, lcom and more. 

California 
C & A ELECTRONIC ENTERPRISES 
2210 S. WlLMlNGTON AVE. 
SUITE 105 
CARSON, CA 90745 
21 3-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 Trades 
714-463-1886 San Diego 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 

QUEMENT ELECTRONICS 
1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio Amateurs 
since 1933. 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 951 28 
408-998- 1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 
Connecticut's Oldest Ham Radio 
Dealer 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
Icom, Ten-Tec, Swan, DenTron, 
Tempo, Yaesu, Azden, and more. 
One mile off 1-95, no sales tax. 

Florida 

AGL ELECTRONICS, INC. 
1898 DREW STREET 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
81 3-535-1 416 
Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 

Illinois 
-- - 

AUREUS ELECTRONICS. INC. 
1415 N. EAGLE STREET. 
NAPERVILLE, IL 60540 
31 2-420-8629 
"Amateur Excellence" 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Outside Illinois - 800-621-5802 
Hours: 9:30-530 Mon, Tu, Wed & Frl.; 
9:30-9:00 Thurs; 9:00-3:00 Sat. 

Indiana 

THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Dlscount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronlcs, 
Santec and others. 

Kansas 
ASSOCIATED RADIO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381 -5900 
America's No. 1 Real Amateur Radio 
Store. Trade - Sell - Buy. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 I LAUREL, MD 20810 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, DenTron, Swan 8 Apple 
Computers. , 

Massachusetts 
TEL.COM, INC. 
675 GREAT ROAD, RT. 119 
LITTLETON, MA 01480 
61 7-48&3040 
The Ham Store of New England You 
Can Rely On. 

TUFTS RADIO ELECTRONICS 
206 MYSTIC AVENUE 
MEDFORD, MA 02155 
61 7-391 -3200 
New England's friendliest ham store. 

Minnesota 
PAL ELECTRONICS INC. 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
61 2-521 -4862 
Midwest's Fastest Growing Ham 
Store, Where Service Counts. 

EVANS RADIO, INC. 
BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9981 
Icom, DenTron 8 Yaesu dealer. We 
service what we sell. 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 



lmateur Radio Dealer 

New Jersey 

RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
New Jersey's Fastest Growing 
Amateur Radio Center. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 
Drake, Swan, DenTron, Hy-Gain, 
Cushcraft, Hustler, Larsen, Etc. 

WITTIE ELECTRONICS 
384 LAKEVIEW AVENUE 
CLIFTON, NJ 07011 
201 -546-3000 
Same location for63 years. Full-line 
authorized Drake dealer. We stock 
most popular brands of Antennas and 
Towers. 

New Mexico 

PECOS VALLEY 
AMATEUR RADIO SUPPLY 
112 W. FIRST STREET 
ROSWELL, NM 88201 
505-623-7388 
Now stocking Ten-Tec, Lunar, Icom, 
Morsematic, Bencher, Tempo, 
Hy-Gain, Avantl and moreat low, 
low prices. Call for quote. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radlo Store. 

ORAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
21 2-599-2630 
Drake, Kenwood, Yaesu, Atlas, 
Ten-Tec, Midland, DenTron, Hy-Gain, 
Mosiey in stock. 

HARRISON RADIO CORP. 
20 SMITH STREET 
FARMINGDALE, NY 11735 
51 6-293-7990 
"Ham Headquarters USA" since 
1925. Cali toll free 800-645-9187. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Warren K2lXN or Bob WA2MSH. 

Ohio 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
COLUMBUS (REYNOLDSBURG), OH 

43068 
614-866-4267 
Complete Amateur Radio Sales and 
Service. All major brands - spacious 
store near 1-270. 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, CDE, Ham- 
Keys, VHF Englneerlng, Antenna 
Specialists. 

SPECIALTY COMMUNICATIONS 
2523 PEACH STREET 
ERIE, PA 16502 
81 4-455-7674 
Service, Parts, 8. Experience For Your 
Atlas Radio. 

Virginia 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

The famous Palomar Engineers 
preamplifier has been updated 
and packaged in an attractive new 
cabinet. 

For the SWL there is the P-305 
(9-v DC powered) and the P-308 
(1 15-v AC powered) featuring full 
shortwave coverage, selection of 
two antennas, 2 0  db attenuator, 
15  db gain control and on-off- 
bypass switch. 

For transceivers, the P-31 OX 
features automatic bypass on 
transmit, adjustable delay for 
return to receive, and 350  watt 
transmit capability. 

All models have these features: 
*Up to  20 db  gain. 

Covers 1.8 to 54 MHz In four 
bands. 

*Low noise figure. 
* R e d u c e s  i m a g e  a n d  

spurious response. 
-8" x 5" x 3". Brushed 

aluminum control panel. 
Black vinyl cover. 
SO-239 connectors. 

*LED pilot. 

Order direct or from your favorite 
dealer. Model P-305 Receiver 
Preamplifier for 9-v DC $77.95. 
Model P-308 for 11 5-v AC 
$87.95. Transceiver Preamplifier 
Model P-31 OX $1 07.95. Add $3 
shippinglhandling. Calif. residents 
add sales tax. 

Don't walt any longer to  pull  out 
weak, rare DX. 

february 1981 87 



I ASSOCIATED RADIO 913-381 -5900 I 

I 
801 2 CONSER BOX 4327 
OVERLAND PARK. KANSAS 66204 

BUY-SELL-TRADE I 
I All Brands New & Reconditioned I 

We Want to DEAL-Call Us-We'll Do It Your Way. 
WE'RE #1 

I NOTE: SEND $1.00 FOR OUR CURRENT CATALOG OF NEW AND RECONDITIONED EQUIPMENT. 1 

I 'k ALSO WE PERIODICALLY PUBLISH A LlST OF UNSERVICED EQUIPMENT AT GREAT SAVINGS. 
A BONANZA FOR THE EXPERIENCED OPERATOR. 

TO OBTAIN THE NEXT UNSERVICED BARGAIN LIST SEND A SELF ADDRESSED STAMPED ENVELOPE. I 
-H-HC 

h o t r o n  Antennas 
THE ULTIMATE space savers..  . 

for 80 and 40 meters. 

Dssigned Hear on 
and 7245 kHz 

proved by at 
WDBEJA 3 6 5 P M  

MOT 

80 Moten 01 40 M o t m  

4 H  11. engrn 31 Inches 
8 Ibs. Welght 4 Ibs. 
110 kHz' Bandwidth  250 kHz' 
Son coax Feed 50n coax 
559.95 P r ~ c e  $49.95 

'L~mlls lor 2:1 SWR. center lreguency adluslable 
lsaron anl@nnaa need no radlals or malchlng devices. Feed 
w11h 50n coax For Indoor or outdoor mounllng Excellenl lor 
all amateur uses 

BILALCOMPANY 183' .I (303) 687-3219 

STAR ROUTE FLORISSANT, CO. 80816 

CADDELL COIL CORP. 
I I U L I * ~ '  ICt11111V l Il12h4.111 X >1'1"' 

COILS FOR HOMEBUILT 
Sardine Sender 80 Meler ORP Rtg 

. . . . . . . . . . . . . . . .  OST 0~1 '79,  p 15 58.50 
ORP Transmalch-25 Wan Max 

ARRL Handbook p 350 . . . . . . . . . . . . . . . . . .  7.00 
Tuna Tin 2-WAS 40 Meler Transminer 

OST May '76. p 21 . . . . . . . . . . . . . . . . . . .  4.75 
M in~  Mlser's Dream Receiver - OST Sep '76. p 21 . . I 3  25 
20 Meler 01rect Convers~on Rece~ver 

OST Apr '78. p 12 . . . . . . . . . . .  7.00 
Ampl~fler for HW.8 ORP Transceiver 

. . . . . . . . . . . . . . . . . . .  OST Apr '79. p I 8  13.30 
. . . . . . . . . .  Harmon~c Ftller (lor abow) per band 4.50 

. . .  Low Frequency Transm~ller - S9 Ssp '79, p. 23 9.00 
Prtces Include postage 

BALUNS 
Gsl POWER inlo your antenna See ARRL Handbook p. 585 or 
19.90r 6-20 

. . . .  . . . .  1KW-4:1 Impedance $12 00 2KW-4:l 14.50 
. . . . . . . . . . .  1KW-6:l. 9 1, or 1 1 (pickone) 13 50 

. . . . . . . . . .  2KW-6:l. 9.1. or 1 1 (plck one) 16 00 
. . . . . . . . .  100W-4:1.6:1. 9.1, or 1 I (plckone) 8 00 

Many other inleresllng coil k ~ l s  In our new lisl 5C. You 
musl send a slamped envelope lo receive our coil kit lisl. 
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2822 North 32nd Street, #l Phoenix, Arizona 85008 Phone 602-956-9423 

(0 RY - MRF472 
Desc r ip t i on  - P r i c e  12.5 VDC, 27 MHz 

18 1K x 8 Eprom $ 5.00 4 Watts ou tpu t ,  10 dB ga in  
6/25 16 2K x 8 5V s i n g l e  supply 9.99 $1.69 each 
4/91 14 IK x 4 S t a t i c  5.00 
7 4K x 1 Dynami c Ram 
7/41 16 16K x 1 Dynamic Ram 
,2-6 32K Eprom 

l.U.'s, Etc. 

0800P M i  croprocessor 
)8B2 1 P P I A  
11845P CRT C o n t r o l l e r  
1i85OP AC I A  
0852P SSDA 
18- 1 Microprocessor 
bOA M i  crop rocessor 
i) A M i  crop rocessor 
1) Microprocessor 
)A PI0 
1) s 10/0 
1) S I O / I  
12 8 8 i t  input /output  p a r t  
i 1 Communication I n t e r f a c e  
1602/AY5-1013 UART 
i 1 OOONL Four B i t Microprocessor 
14828 PS AT 
j7 DMA Contro l  l e r  
t 1  64 x 4 FIFO 
;316/F3817 Clock w i t h  alarm 
t 1  
+a 8 B i t  Microcomputer w i t h  

programmable/erasable EPROM 
1408L/6 6 B i t  D/A 
42502 

2.99 C A R B I D E  C i r c u i t  Board D r i l l  B i t s  
5 .OO f o r  PCB Boards 

39-95 -5 mix f o r  $5.00 

MURATA CERAMIC FILTERS 
SFD 455D 455 KHz $2.00 

9.99 SFB 455D 455 KHz 1.60 
6-99 CFM 455E 455 KHz 5.50 

25.00 SFE 10.7 MA 10.7 MHz 2.99 
4.99 

lSTAL F l LTE RS 
30 001-19880 Same as 2194F 
.7 MHz narrow band 
dB bandwidth 15KHz mln, 
dB bandwidth 60 KHz min. 
dB bandwidth 150 KHz min. 

t imate 50 dB i n s e r t i o n  loss  1 dB max. 
)pie 1 dB max. C t .  0-(-/-5 p f  3600 Ohms 

-454 Same as ~RF458 12.5 VDC , 3-30 MHz 
7.95 each 80 Watts output ,  12 dB ga in  

ATLAS CRYSTAL F I LTERS FOR ATLAS 
HAM GEAR 

5.52 - 2.7/8 
5.595 - 2.7/6/U 
5.645 - 2.7/8 
5.595 - ,S00/4/CW YOUR CHO ICE 
5.595 - 2.7 USB $12.99 each 
5.595 - 2.7/8/L 
5.595 - 2.7 LSB 
3.0 - USB/CW 

J310 N-CHANNEL J - FET 450 MHz 
Good f o r  VHF/UHF Amp1 i f i er ,  
O s c i l l a t o r  and Mixers. 3/$1,00 

AMPHENOL COAX RELAY 
26 VDC Co i l SPDT #360-11892-13 
100 wat ts  Good up t o  18 Ghz 
$19.99 each 

7 8 ~ 0 5  Same as 7805 but  o n l y  Amp @ 
$ VDC 4 9 ~  each o r  10/$3.00 

NEW TRANSFORMERS 
F- 18X 6.3 vCT @ 6Amps $6.99 each 
F-46X 24V @ lAmp 5 -99  
F 4 1 ~  25.2VCT @ 2Amps 6.99 
P-8380 1 O V C T  @ 3Amps 7 099 
P-8604 20VCT @ lAmp 4.99 
P-8130 12.6VCT @ 2Amps 4.99 
K-32B 28vCT @ 100 MA 4.99 
E30554 Dual 1 7 V  @ \Amp ea. 6.99 

E IMAC FINGER STOCK #Y-302 
36 i n ,  long x 3 in; $4.99 each 

NO ORDERS UNDER $10 

More Details? CHECK-OFF Page 98 february 1981 89 



2822 North 32nd Street, #l Phoenix, Arizona 85008 Phone 602-956-9423 

MRF203 
MRF2 16 
MRF221 
M~F226 
MRF227 
MRF238 
MRF 240 
MRF245 
MRF247 
MRF 262 
MRF3 14 
MRF406 
MRF41 2 
MRF421 
MRF422A 
MRF422 
MRF428 
MRF428A 
MRF426 
M R F ~ ~ ~ A  
MRF449 
M RF 449A 
MRF450 
MRF450A 
MRF4.52 
MRF453 
MRF454 
MRF454A 
M RF 45 5 
MRF455A 
MRF472 

BF'VJ92A 
BFW92 
MMCM9 1 8 
MMCM2222 
~14CM2369 
MMCM2484 
~McM3960A 
MdAl 10 
MMA 1 20 
MWA 130 
MdA2 10 
IYWA220 
MWA230 
MdA3 10 
MWA320 
MWA330 

TUBES 
6KD6 
6 ~ ~ 6 / 6 ~ ~ 6  
~ M J ~ / ~ L Q ~ / ~ J E ~ c  
6 ~ ~ 6 / 6 ~ ~ 6  
12BY7A 
2 ~ 2 6  
4X 1 j0A 
4 i X  2508 
4CX250R 
4CX300A 
4 ~ ~ 3 5 0 A / 8 3 2 1  
4 ~ x 3  5 0 F / ~  /8904 
4cx 1 5 0 0 ~  /8660 

UHF/VHF RF POWER TRANSISTORS 
~ ~ 2 8 6 7 / 2 ~ 6 4 3 9  
60 Watts output  
Reg. P r i c e  $45.77 
SALE PRICE $19.99 

1900 MHz t o  2500 MHz DOWNCONVERTERS 
Intended f o r  amateur rad io  use. 
Tunable from channel 2 th ru  6. 
34 dB ga in  2.5 t o  3 dB noise. 
Warranty f o r  6 months 
Model HMR I I 
Complete Receiver and Power Supply 
$225 .OO (does not i nc l ude coax) 
4 f o o t  Yagi antenna o n l y  
$39.99 
Downconverter K i t  - PCB and pa r t s  
$69.95 
Power Supply K i t  - Box, PCB and p a r t s  
$49.99 
Downconverter assembled 
$79.99 
Power Supply assembled 
$59.99 
Complete K i t  form w i t h  Yagi antenna 
SlO9.99 
REPLACEMENT PARTS 
MRF90 1 $ 3-99 
M B D l O l  1.29 
.001 Chip Caps 1.00 
Power Supply PCB 4.99 

~ ~ ~ 4 7 4  3 .OO 81 1A 20.00 DownconverterPCB19.99 
M RF 47 5 2.90 6360 4.69 
MRF476 2.25 693 9 7.99 NEW BOGNER DOWNCONVERTER 

~RF477 10.00 6146 5.00 I n d u s t r i a l  version. 

M RF 485 3 .OO 6 1 46A 5.69 1 year guarantee. $225.00 

MRF492 20.40 6146B/8298 7.95 
MRF502 .!I3 6 1 46W 12.00 86 P I N  MOTOROLA BUS EDGE CONNECTORS 

655OA 8.00 Gold p la ted  contacts 
8908 9.00 Dual 43/86 p i n  . I56 spacing 
8950 9.00 S o l d e r t a i l  f o r  PCB $3.00 each 
4-400A 71 .OO 
4-MOC 80.00 CONT l NUOUS TONE BUZZERS 
572B/T160L 44.00 I2VDC $2.00 each 
7289 9.95 
3- 1 0002 229.00 I l O V A C  MUFFIN FANS 
)-sooz 129.99 New $11.95 Used $5.95 

TO-3 TRANS ISTOR SOCKETS PL259 TERMINATION 52 Ohm 5 Watts 
Phenol ic type 6/$1.00 $1.50 each 

NO ORDERS UNDER $10 

Tell 'em you saw it in HAM RADIO1 



2822 North 32nd Street, #I Phoenix, Arizona 85008 Phone 602-956-9423 

NE555V TIMERS 
,39c each o r  10/$3.00 

NEW DUAL COLON LED 
6 9 ~  each o r  
10/$5 .OO 

HEPI70 1 O O O P I V  
2.5 Amps 2 5 ~  each o r  
lOO/$l5.00 

HIGH VOLTAGE CAPS 
420 MFD @ 400 VDC OR 
600 MFD @ 400 VDC 
26.99 each 

NEW ROTRON B l SCU IT FANS 
Model BT2A1 115 VAC 
$12.99 each 

ORDERING INSTRUCTIONS 
Check, money order ,  o r  c r e d i t  cards 

welcome. (Master Charge and V I S A  only)  
No personal checks o r  c e r t i f i e d  personal 
checks f o r  f o r e i g n  countrys accepted. 
Money order  o r  cashiers check i n  U.S. 
funds only .  L e t t e r s  o f  c r e d i t  are not  
acceptable. 

Minimum shipping by UPS i s  $2.35 w i t h  
insurance. Please a l l ow  ex t ra  shipping 
charges f o r  heavy o r  long items. 

A l l  p a r t s  returned due t o  customer e r r o r  
w i l l  be subject  t o  a 15% restock charge. 

I f  we are out  o f  an i tem ordered, we 
w i l l  t r y  t o  replace i t  w i t h  an equal o r  
b e t t e r  p a r t  unless you spec i f y  not  to ,  
o r  we w i  1 l back order  the i tern, o r  refund 
your money. 

P R I C E S  ARE SUBJECT TO CHANGE WITHOUT 
NOTICE. Pr ices  superseade a l l  p rev ious l y  
publ ished. Some items o f f e r e d  are  
l i m i t e d  t o  small q u a n t i t i e s  and are 
subject  t o  p r i o r  sale. 

We now have a t o l l  f r ee  number bu t  
we ask tha t  i t  be used f o r  charqe orders 
only.  I f  you have any quest ions please 
use our o ther  number. We are open from 
8:00 a.m. - 5:00 p.m. Monday th ru  Saturday. 

Our to1 1 f r e e  number for orders only 

TORI N TA700 FANS NEW 
Model ~ 3 0 3 4 0  JUMBO LED'S MEDIUM LED'S 
230 VAC @ .78 Amps Red 8/$1 .OO Red 6/$1 .OO 
W i l l  a l so  work on 115 V A C  Clear  6/$1.00 Green 6/$1 .OO 
$29.99 each Yel low 6/$1.00 

G reen 6/$1.00 
DOOR KNOB CAPS Amber 6/$1.00 

470 p f  @ I 5  KV $3.99 each NEW GE OPT0 COUPLERS 4 2 6  
Dual 500 p f @  15 KV 5.99each 6 9 ~  each o r  10/$5.00 
680 p f  @ 6 KV 3.99 each 
800 p f  @ I S  KV 3.99 each MICRO-MIN I WATCH CRYSTALS 
1000 p f  @ 20 KV 5.00 each 32.768 HZ $3 .OO each 
2700 p f  @ 40 KV 5.99 each 

NEW 2" ROUND SPEAKERS 
NEW & USED BCD SWITCHES 100 Ohm c o i l  9 9 ~  each 
3 sw i tch  w i t h  end p la tes  
$8.99 New $6.95 Used PLAST l C  TO-3 SOCKETS 4/$1 .OO 

NO ORDERS UNDER $10 
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higher maximum usable frequencies 
from higher solar flux. Short skip (500 
to 1500 miles) is part of the fun on 
these bands, like the lower frequency 
bands. The short-skip opening pat- 

DX tern, although closer to mid-day, is 
the same follow-the-sun sequence as 
mentioned for 6 meters. 

FO R ECASTE a Twenty meters is a great band for 
everyone's pleasure, limited only by 

predictions 
We are still in the good old winter DX 
months with February; expect, how- 
ever, a couple of periods of short- 
lived geomagnetic disturbances from 
solar flares about February 19-21 and 
February 27-March 4. Another long- 
er-lasting period of disturbance may 
be expected near February 2-6. The 
best DX periods are probably about 
February 7-10 and 22-27. 

a look at February 
February is the month when 

changes in the ionosphere portend 
leaving the winter DX conditions of 
November, December, and January 
behind. Longer days are beginning to 
be seen as earlier sunrises and later 
sunsets in the northern hemisphere. 
The 10, 15, and 20 meter bands can 
be expected to open sooner in the 
morning and stay open longer into 
the evening. On the 40, 80, and 160 
meter bands, which depend on dark- 
ness for their openings, the DX hours 
can be expected to begin to shrink. 
The DXer's evening schedule has to 
wait for sunset. The earlier sunrise 
decreases the S-meter readings of 
the long-skip DX, and exchanges it 
for short skip to the locals. Still, there 
are many hours in which to take ad- 
vantage of the superb winter DX. 

February is often the month with 
the highest mean solar radio flux 
values of the year. This is a long-last- 
ing, averaging effect of the earth's 
being closer to  the sun this time of 
year, and the winter months of No- 
vember, December, and January be- 

Garth Stonehocker, K0RYW QRM. It should be open nearly every 
day and late into each evening to al- 
most every part of the world. Best DX 

ing geomagnetically the quietest of 
the year. The combined result is that 
the ionosphere usually supports the 
highest daytime high-frequency and 
vhf DX paths of the year for many of 
the years of any particular eleven- 
year solar cycle. 

The moon is at perigee on February 
9. An annular eclipse of the sun takes 
place for our down-under and South- 
Pacific friends. The annular path 
(maximum duration is 1 minute 11 
seconds) goes from the Island of Tas- 
mania south of Australia at sunrise 
(1928 UT), then south of New Zea- 
land, and across the South Pacific 
almost to Peru at sunset (0049 UT). 
The eclipse will be seen across the 
east side of Australia, across Antarc- 
tica (McMurdo from 2110 to 2220 
UT), and from Chile, Argentina, Peru 
and Central America at its end. All 
this goes on from February 4 (1928 
UT) to 5 (0049 UTI. 

band-by-band summary 
Six meters will open occasionally 
toward Europe, that is, to the east, 
before noon, toward the south during 
noontime to afternoon, and toward 
the west and northwest in the late 
afternoon into early evening. The 
best openings are most likely trans- 
equatorial during high solar radio 
flux. 

Ten and Fifteen meters will exhibit 
the same pattern as 6 meters but will 
be open a longer part of the day. This 
is particularly true this month since it 
is nearing springtime with its notice- 
ably longer days and its probably 

conditions can be expected just after 
sunrise and just before sunset for 
long skip. Short skip will be essential- 
ly as given for 10 and 15 meters, ex- 
cept for longer openings during 
midday. 

Forty meters begins its transition into 
a night band. Short skip during the 
daytime in winter, however, gives 
some interesting opportunities for 
working your close neighbors for the 
WAS certificate. Then, at evening 
time, as the long skip (1000 to 2500 
miles) develops, reach out for the far 
states and the WAC certificate. This 
band is very active to most areas of 
the world. In late afternoon the band 
will open to  Europe, then swing 
around to South Africa and Central 
and South America, and then swing 
still farther into the Pacific by dawn. 

Eighty and One-Sixty meters DX con- 
ditions will be very good this month. 
Soon the atmospheric noise of the 
spring storms will give days of short 
skip QRN and local QRN. On toward 
summer the static will become so bad 
that DX will have to be forgotten until 
fall. Take advantage of what's left of 
this year's quiet winter season. The 
directional pattern for these bands is 
similar to that of 40 meters. The low 
take-off angle of vertical antennas is 
very useful for DX here. Horizontal 
antennas are mainly short skip, high- 
take-off-angle radiators because of 
being so close to the ground. Look 
for particularly interesting DX as 
these bands come in (open) near sun- 
set and go out at sunrise. 

ham radio 
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NEW! Quad Transformer. 

Matches 3-band quads to single 50 ohm 
coaxial cable. 

Model Q3 $32.50 

1 Kw CW, 3 Kw PEP input. For dipoles. 
inverted Vees, beams, quads. Depend- 
able. Takes temporary overloads in 
stride. Specify 1 : 1 or 4: 1 ratlo. 

Model 1K $32.50 

2 Kw CW, 6 Kw PEP input. Far more 
rugged than any other balun made for 
amateur use. Specify 1 :1 or 4:l ratio. 

Model 2K $42.50 

2 Kw CW. 6 Kw PEP input. Our heavy 
duty balun with mounting bracket for 2" 
mast or boom. Specify 1 : 1 or 4: 1 ratio. 

Beam Balun $47.50 

Only Palomar Baluns Have All These 
Features: 

RF toroidal core for highest 
efficiency. 
Teflon insulated wire. 
Stainless steel hardware. Won't rust. 
Epoxy filleci case. Waterproof. . 
Wideband 1.7 to 30 MHz. 
White case to reflect the sun. 
L~ghting protection built in. 

Free brochure sent on request 

I How many light weight baluns have you 
burned out already? Install the balun that 
will stay up there working year after year. 

1 short circuits 
regulated power supply 
The following corrections should be 
made to the schematic on page 58 of 
the September, 1980, issue of ham 
radio: M2 is 0-10 amps dc; C1 is 100 
pF; C2 is a 0.01-pF/ 100-volt disc ce- 
ramic; the capacitor at pin 9 of U1 is 
500 pF1100V paper1Mylar. 

quads and quagis 
In W2PV1s quads and quagis article, 
which appeared in the September, 
1980, issue of ham radio, fig. 2 on 
page 38 should be turned 90 degrees 
to correspond with the caption. On 
page 45, in the last line of item two in 
the summary, the ratio should be ex- 
pressed as width to height ( W / H ) .  

measuring inductance 
and capacitance 
The Ham Notetook item on this sub- 
ject by W2CHO that appeared on 
page 68 of the July issue should have 
included this equation: 

digital logic probe 
In fig. 5 of N6UE's digital logic probe 
article (ham radio, August 19801, pin 
1 of U1 (not pin 16) goes to VDD In 
fig. 6 there should be traces from the 
emitter of Q1 to ground, from V,, to 
the collector of Q2, and from the col- 
lector of 01  to pin 2 of Q2. 

CW regenerator 
The values of two capacitors are in- 
correct as printed in W3BY M's article 
(October, 1980, ham radio). C3 
should have a value of 2.2 pF, C4 a 

I To order, add $3 shippinglhandling. I I value of 1 .O p ~ .  
California residents add sales tax. 

super quad 
The boom pictured in f ig .  4 of 
W3NZ's article (November, 1980, 
ham radio) should be solid PVC, not 
PVC tubing. 

MODEL 6154 TERMALINEI) 

I'D BUY FROM US 
YOUR INQUIRY OR ORDER WILL 
GET OUR PROMPT AlTENTlON 

AUTMORIZED .- MSTUIWTW 

WdEI 
a s s o c i a t e s  

115 BELLARMINE 
ROCHESTER, MI 48063 

C A L L  T O L L  FREE 

800-521-2333 
I N  MICHIGAN 313 - 375-0420 

S MIL SPECS - POLYETHYLENE 
W f l .  ,213 noncontamlnatlng W f t  f 
2Wft. RGl l lU  75ohms 2Wft. 
1Wft. RG621U 93ohms 10elft. 

LOW LOSS FOAM 
W f t .  RGBU 97% shield. whlte W H .  
1Wft. RGBU 80% shleld 1Wft. 
1761ft. RGl  l U  1761ft. 
1Wft. RG%U 95% shield 10clft. 
1161ft. RG%AIU stranded 1 lclft. 
1Bolft. Rotor cable 2-lBga, 522ga 1%1ft. 
Shlpplng 52.50 first 100 ft., S1.50ea. add'l. 100 It. 

BELDEN SPECIAL + 
2Wll. RGBU 80% shleld 24UH. 

CONNECTORS 
pL-258 101S5.69 SO-239 101SS.WU. 

p u a h u $ M I  39c ma. Elbow 11.79w. 
UO-175 w 176 R~I ICU 10111.79 UHF T (M358) $2.59 

Shtpplng - 84d 10%. MWmum 11.50 
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FULL POWER - QUALITY 

HAM ANTENNA ACCLSSORIES 
at your dealer LONDON: AMCOMM 0 1  804 1166 

VICTORIA: Scalar 725 9677 
CONCEPCION: Telecom Trans Chile 25471 

the Big Signal BUENOS AIRES: Multi-Radto 773-1266 
COL. ANAHUAC: Rad~ac 2-5@32-40 
HELSINKI: Er~ko~srnedtat (90) 611258 

Balun AUSTRIA Renox Telex: 7602 1 
Sf-I. 1901 5339 41, 

HAMS - call for our G E R M A N Y  Williges I W ~ I I  511.)02I 
free catalog PC-80 

DEALERS - join over 400 the Old reliable 
dealers world-w~de. Call For over 20 years, the choice W2VS Traps 

us today for no-r~sk deal. . of Hams, Armed Forces and 
HAMNT MANAGERS - Commercial Communicat~ons - world-wide. 

UNADILLA cooperates! 
Call us. 
US - TOLL-FREE 1-800448-1 666 
NYMawaiilAlasMCanada - 

&& 
= Lo-Pass Fllter 2000W 

COLLECT 1-31 5-437-3953 Indoor Quad Parts 
TWX - 710.5414493 . Baluns 1 Traps 

.Insulators 
Ask for Bonnie, or Emily. *W~re  & Cable 

-Connectors 

UNADILLA / RfYCO Division Microwave Filter Co., Inc., E. Syracuse, NY 13057 -Antenna Kits 

More Details? CHECK-OFF Page 98 





Food for thought. 

Group A 

u 
Our new Universal Tone Encoder lends it's versatility to 
all tastes. The menu includes all CTCSS, as well as Burst 
Tones. Touch Tones, and Test Tones. No counter or test 
equipment required to set frequency-just dial i t  in. While 
traveling, use i t  on your Amateur transceiver to access tone 
operated systems. or in your service van to check out your 
customers repeaters; also. as a piece of test equipment to 
modulate Service   on it or 
or signal generator. It can 
even operate off an 
internal nine volt 
battery, and is available 
for one day delivery, 
backed by our one 
year warranty. 

156.7 5A 
162.2 5B 
167.9 6% 
173.8 hA 
179.9 6B 
186.2 7% 
192.8 7A 

203.5 M l  

All tones in Group A and Group R arc included. 
Output level flat to within 1.5dh over entire range selected. 
Separate level adjust pots and output connections for each tone 
Group. 
Immune to RF 
Powered by 6-30vdc. unregulated at 8 ma. 
Low impedance, low distortion. adjustable sinewave output. Sv 
peak-to-peak. 
Instant start-up. 
Off position for no tone output. 
Reverse polarity protection built-in. 

Frequency accuracy. * . I Hz maximum - 40°C to + 85°C 
Frequencies to 350 Hz available on special order 
Continuous tone 

1 18.8 2B 
123.0 3% 
127.3 3A 
131.8 3R 
136.5 4% 
141.3 4A . 
146.2 4H 
151.4 5% 

67.0 X% 
71.9 S A  
74.4 WA 
77.0 X B  
79.7 SP 
82.5 Y Z  
85.4 YA 
88.5 YB 

Group R 

2175 
2805 1800 2100 2350 

Frequency accuracy, a 1 Hz maximum - 40°C to + 85°C 
Tone length approximately 300 ms. May be lengthened. 
shortened or eliminated by changing value of resistor 

91.5 72 
94.8 ZA 
97.4 %B 

100.0 1% 
103.5 I A  
107.2 1B 
110.9 2Z  
114.8 2A 

Wired and tested: $79.95 

a k- - COMMUNICA~S SPEClAUsrS 
426 West Taft Avenue. Orange, Cal~fornla 93667 [-] (800) 854-0547/ Cal~forn~a: (7  14) 998-303 1 - 



~QerTi~ers q 
check-of f 

. . .  for literature. in a hurry -- we'll 
rush your name to the companies 
whose names you "check-off" 

Place your check  m a r k  i n  t h e  space  e tween 
n a m e  and n u m b e r  . Ex: Ham Rad io  _\P231 

Ace Comm - 850 
AEA - 677 
Alaska Microwave - 826 
Aluma - 589 
Applied Inv . - 862 
Associated Radio - 892 
Atlantic Surplus * 
Avant1 T75 
Azotic _ @34 
Barker 015 
Barry ' 
Baurnan 017 
Bencher 629 
Ben Franklin - 864 
Bilal -_ 817 
Budwig 233 
Butternut ' 
Caddell Coil - 244 
Cal Crvsral -_ 709 
Comm Spec . - 330 
Cub~c -- 111 
Curtls Electro - 034 
DCO - 324 
DX Bulletin ' 
Drake ' 
ETCO - 856 
E . T . 0 . ' 
Encornm - 888 
Erickson Cornm . ' 
Flesher 880 
G Et C Cornrn . - 754 
GLB - 552 
Hal-Tronix - 254 
H . R . B . - 150 
H . R . Magazine ' 
Ham Shack - 879 
Hamtronics . N.Y. - 246 
Handi-Tek - 893 
Hatry - 889 
Heath - 060 
Henry - 062 
Hildreth 283 
lcorn ' 
Jameco - 333 
Jan - 067 

Jones - 626 
Kantron~cs ' 
Kengore - 538 
Kenwood ' 
Larsen - 078 
Lunar - 577 
MFJ -- 082 
MHz Elec . -- 415 
Madlson - 431 
Microcrah 774 
Microwave Filter - 837 
Monroe Elec . - 725 
N.P.S. - 866 
NRI Schools ' 
Nemal ' 
OK Machlne ' 
Oak H~ll Academy A.R S . 
P C . Elec . 766 
Palomar Eng . ' 
Payne - 867 
Callbook 100 
Rad~o World ' 
Ramsey 442 
S-F A.R.S. - 640 
Securitron - 461 
Selecto - 895 
Semiconductors 

Surplus - 512 
Skytec - 704 
Spectronics ' 
Spec . Int . - 108 
Tab 858 
Telrex 
Ten-Tec ' 
UNR-Rohn - 410 
Universal Comrn . 885 
V-J Products - 855 
Van Gorden - 737 
Vanguard Labs - 716 
Varian _ C43 
Webster 

Assoc . - 423 
Western Elec ' 
Wulfsberg Elec . ' 
Yaesu - 127 

Please contact thisadveniser directly . 

Limit 15inquiries per request . 

February. 1981 
Please use b e f o r e  M a r c h  31 . 1981 

Tear off and mall to 
H A M  RADIO MAGAZINE . "check off" 
Greenville . N . H . OJW8 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL . . . . . . . . . . . . . . . . .  

STREET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STATE . . . . . . . . . . . . . . . . . . .  ZIP . . . . . . . . . . . . . . . . . . .  

98 february 1981 

DON & MIKE'S 
FEBRUARY FEATURES 

Cubic . Swan 103 . . . . . . . . . . . .  Call 
Astro 150A . . . . . . . . . . . . . .  $779.00 
Astro100MXA . . . . . . . . . . .  499.00 
Mirage 823 1 watt-30 watt 

amp . . . . . . . . . . . . . . . . .  89.95 
DSI 5600A wlAntlAc . . . . . .  185.00 
Robot 800 . . . . . . . . . . . . . .  699.00 
Cushcraft A3 Tribander . . .  169.00 
AEA Morsematic . . . . . . . .  169.00 
Bird 43, Slugs . . . . . . . . . . . . . .  Call 
CDE Ham-4 Rotor . . . . . . . .  169.00 
Ham-X . . . . . . . . . . . . . . . . .  239.00 
BT-1 HFlVHF Rotator . . . . .  79.95 
FDK Palm 2 Handie with 

BPlAC . . . . . . . . . . . . . . .  149.00 
Cetron, GE 5728 . . . . . . . . .  34.00 
Kenwood Service Manuals 

Stock . . . . . . . . . . . . . . .  10.00 ea . 
Telrex TBSEM . . . . . . . . . . .  425.00 
Telrex Monobanders . . . . . . . .  Call 
Santec HT-1200 

Synthesized . . . . . . . . . .  339.00 

Order Your 
KWM380 Now! 

Old Pricing & Free Goods! 
Rockwell Accessories in Stock 

Adel Nibbling Tool . . . . . . .  8.95 
JanelQSA5 . . . . . . . . . . . . .  41.95 
Rohn Tower . . . . . .  20% off dealer 

25G. 45G Sections 
Belden 9405 Heavy Duty 

Rotor Cable 2#16. 6#18 . . .  38dft 
Belden 8214 RG-8 Foam . . . .  32clft 
Belden 9258 RG-8 MinLcoax . 19clft 
Alliance HD73 Rotor . . . . .  109.95 
Amphenol Silverplate 

PL259 . . . . . . . . . . . . . . . .  1 . 00 
ICOM 255A 2M Synthesized 339.00 

wltouch-tone mike (limited qty.) 
ICOM 260A 2M SSBlFMlCW 449.00 

Late Specials: 
Kenwood TS.520SE. TS-130s . Call 
ICOM IC2ATITTPINICAD . . 249.00 
Bearcat 220-$299.00 300-399.00 
Lunar 2M4-40P . . . . . . . . . .  109.00 

Call for TS830S. TS130S 
plus accessories 

MASTER CHARGE VISA 

All prices fob Houston except where In . 
dlcated . Prices subject to change wlthout 
notice. all items guaranteed . Some Items 
subject prlor sale . Send letterhead for Dealer 
prlcs IIst . Texas rasldents ndd 6% tax . 
Pleasa add postage estimate S1.OO 
mlnlmum . 

Electronics Supply. Inc . 
1508 McKinney 

Houston. Texas 77010 

71 31658-0268 

Ace Communications . Inc . . . . . . . . . . . . . . . . . . . . . . . . .  64 
AEA. Advanced Electronics Applications . . . . . . . .  11.46.95 
Alaska Microwave Labs . . . . . . . . . . . . . . . . . . . . . . . .  75 
Aluma Tower Company . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
Applied Invention . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
Associated Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B 
Atlantic Surplus Sales . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
Avanti Communications . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
Barker Et Williamson. Inc . . . . . . . . . . . . . . . . . . . . . . . . .  82 
Barry Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
Bauman. R.H.. Sales Company . . . . . . . . . . . . . . . . . . .  83 
Bencher. Inc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
Ben Franklin Electronics . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
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Instant Fingertip TU~&-NO More Knobs! 
6 Memories for Any Mode (AM,SSBICW, & FM) 
Dual PLL Frequency Synthesized-No Drift! 

A WHOLE NEW BREED OF RADIO IS HERE NOW! No other 
short wave receiver combines so many advanced features for 
both operating convenience and high performance as does the 
new Sony ICF-2001. Once you have operated thls exciting new 
radio, you'll be spoiled forever! Direct access tuning elim~nates 
conventional tuning knobs and dials with a convenient digital 
keyboard and Liquid Crystal Display (LCD) for accurate frequen. 
cy readout to within 1 KHz. instant fingertip tuning, up to 8 
memory presets, and continuous scanning features make the 
iCF-2001 the ultimate in convenience. 

Compare the following features against any receiver currently 
available and you will have to agree that the Sony ICF 2001 is the 
best value in shortwave receivers today: 

DUAL PLL SYNTHESIZER CIRCUITRY covers entire 150 KHz to 
29.999 MHz band. PLL, circuit has 100 KHz step while PLL2 
handles 1 KHz step, both of which are controlled by separate 
quartz crystal oscillators for precise, no-drift tuning. DUAL CON- 
VERSION SUPERHETERODYNE circuitry assures superior AM 
reception and high image rejection characteristics. The 10.7 MHz 
IF of the FM band is utilized as the 2nd IF of the AM band. A new 
type of crystal filter made especially for this purpose realizes 
clearer reception than commonly used ceramic filters. ALL FET 
FRONT END for high sensitivity and interference rejection. Inter- 
modulation, cross modulation, and spurious interference are ef. 
fectively rejected. FET RF AMP contributes to superior image re. 
jectlon, high sensitivity, and good signal to noise ratio. Both 
strong and weak stations are received with minimal distortion. 

EXTENDED SPECTRUM CONTINUOUS TUNING 

A Enter Button F SSBlCW Compensator 
B Signal Strength G Execute Bar 

Indicator 
C Liquid Crystal Display 

H Manual Tuning Buttons 

D Memory Preset Buttons I Scan 
E Antenna Adjustment J HighlLow Limit Buttons 

Dial 

OPERATIONAL FEATURES 
INSTANT FINGERTIP TUNING with the calculator4ype key board 
enables the operator to have Instant access to any frequency in 
the LW. MW, SW, and FM bands. And the LCD digital frequency 
display confirms the exact, drift.free signal being received. 
AUTOMATIC SCANNING of the above bands. Continuous 
scannlng of any desired portion of the band is achieved by 
setting the "L1" and "L2" keys to define the range to be scanned. 
The scanner can stop automatically on strong signals, or it can 
be done manually. MANUAL SEARCH is similar to the manual 
scan mode and is useful for qulck signal searching. The "UP" 
and "DOWN" keys let the tuner search for you. The "FAST" key 
increases the search rate for faster signal detection. MEMORY 
PRESETS. Six memory keys hold desired stations for instant 
one-key tuning in any mode (AM. SSBICW, and FM), and also, the 
"L1" and "L2" keys can glve you two more memory slots when 
not used for scanning. OTHER FEATURES: Local, normal. DX 
sensitivity selector for AM; SSBICW compensator; 90 min. sleep 
timer; AM Ant. Adjust. 

SPECIFICA~IONS 
CIRCUIT SYSTEM: Fm Superheterodyne; AM Dual conversion 
superheterodyne. SIGNAL CIRCUITRY: 4 IC's, 11 FET's, 23 
Transistors, 16 Diodes. AUXILIARY CIRCUITRY: 5 IC's, 1 LSI, 5 
LED'S. 25 Transistors. 9 Dlodes. FREQUENCY RANGE: FM 
76.108 MHz; AM 150-29.999 KHz. INTERMEDIATE FREOUENCY: 
FM 10.7 MHz.; AM 1st 66.35 MHz., 2nd 10.7 MHz. ANTENNAS: FM 
telescopic, ext. ant. terminal; AM telescopic. built-in ferrite bar, 
ext. ant. terminal. POWER: 4.5 VDC1120 VAC DIMENSIONS: 121A 
(W) X 2V4 (HI X 6% (I?). WEIGHT: 3 Ib. 15 oz. (1.8 kg) 

More Details? CHECK-OFF Page 98 february 1981 99 



LABORATORIES 
'MONARCH" 1 0 . 1 5 ,  20 

Meter "Tri-Band" 
Model TB5EM/4KWP 

tvt l  ALPHA 
3 

7 7 D X  Amplifier 

Alpha 77DX: The ultimate ampli- 
fier for those who demand the 
finest. 
Eimac 8877Tube - 1500 wattsof 
plate dissipation. 
4.4 KVA Hypersilo, removable, 
plu in Transformer. 
~il-%lled, 25 mfd Filter Capacitor. 
QSK CW: Full break-in, (2) vacu- 
um relays. 
Vacuum Tuning Capacitor. 
Ducted air cooling, large, quiet 
blower, computer grade. 
Warranty (limited) 24 months, 
tube by Eimac. 
Other ALPHA'S: 78, 76CA, 76PA, 
76A, 374A, T7SX (Export Only). 

Phone Don Payne. K41D, for Special Prices. Brochure, and OPER- 
ATING EXPERIENCE on the CX-11 A a n d  Alphas. 

Personal Phone - (61 5) 384-2224 
P. 0. Box 100, Springfield, Tenn. 37172 

-id CX-11-A 
L 5 / 4 ! # " ~  Integrated Station 

POWER OUTPUT: 150 watts CWISSB output all bands 
(2) MRF 422 Finals. 
OPTIONAL POWER OUTPUT: 200 to 225 Watts CWI- 
SSB output 
SYNTHESIZED FREQUENCY COVERAGE: All ama- 
teur bands 1.8-30 MHz in full 1 MHz bands, plus 4 addi- 
tlonal 1 MHz bands for future expansion. 
TWO PTO'S: Dual receiving, transceive on either, or 
split operation. 
QSK CW; Full break-in, vacuum relays. 300 Hz CW Fil- 
ter built-in. 
SELECTIVITY: Two 8 pole plus one 4 pole filter deliver 
20 pole 1.4:l shape factor(6dB160dB), plus post detec- 
tion 1.5,1.0, .4and .1 kHz bandwidth. 
BUILT-IN AIC supply, 1151230V, 501400 Hz, Hypersilm 
transformer. IF shift, noise blanker, RF clipping, CW 
keyer, notchlpeak filter. 
SERVICING: Self service easiest of any transceiver by 
using gold-plated sockets for transistor and IC re- 
placement. 
RELIABILITY: Less than 1 % failure. 99% of problems 
resolved in field. 
QUALITY: All military and computer grade. 100°h 
American made. 
PRICE $5900, mfg. by Signallone Corp., Phoenix, AZ 1 
8502 1. I 

-- - 
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WARC Bands Factory Installed! Diode Ring Receiver Front End! 
Your FT-902DM won't be "obsoleted" when the The industry-standard dynamic range of the 
new bands become available. FT-901 DM is now better than ever. 

() True Reading Frequency Counter! Curtis 8044 IC Keyer! 
No need to recalibrate when changing bands or Full dot and dash memory are now provided on the 
modes. built-in keyer. 

What's more, the FT-902DM retains these great features of the '901: 

Variable IF Bandwidth 
Built-in memory system 
Audio peak CW filter 
IF rejection tuning 
SSB, CW, AM, FM and FSK 

Digital plus analog readout 
RF speech processor 
Highly stable PLL local oscillator 
Plug-in modular construction 
AC and DC operation built in 

The FT-902DM . . . designed to give you the competitive edge! ---. 

Price And Spec~t~cat~ons Subject To 
Change W~thout Notlce Or Obl~galton The radio. - 

YAESU ELECTRONICS CORP. 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
Eastern Service Ctr., 9812 Princeton-Glendale Rd., Cincinnati, OH 45246 (513) 874-3100 



EIMAC's new h i i m u  triode1rcavitycombination. 
It takes the hassle 

out of 10 kW VHF tmnsmitterdesii 
Relax. Now EIMAC offers 
the best triode available 
and a cavitv that has 

And there's more. Driving requirements are 
You 2 5  reduced; screen power supply and 

4 

screen circuitry are eliminated; 
and cooling requirements are 

been custom designed I /&$- 
lessened. The result is ease of 

1 %  

' L. maintenance and substantial 
for it. All you have to L 1 $a,-' .;-I..- - . - ~~ - _  . I cost reduction. 

do is design them in. 
7, There are two E IMAC cavities 

The advantages are impressive. for your 10 kW combination, the 
E IMAC's ceramic-metal high-mu - a 

i CV-2240 for channels 2-6, and 
triode (3CX10000U the CV-2250 for channels 7-13. 

.I< power output For further information contact 
4- ,ge gain of Varian, E IMAC Division, 
14 dB. That's 301 Industrial Way, San 
2 dB more Carlos, California 94070, (415) 
than with 592-1221. Or  call any of the 
comparable more than 30 Varian Electron 
tetrodes. Devlce Group Sales Offices 

throughout the world. 

varian 

t .  
1 
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